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ABSTRACT
A l b e r t ,  S t e v e n  W. , M . S . ,  1981 W i l d l i f e  B i o l o g y
M o r p h o l o g i c a l  V a r i a t i o n  i n  B o b c a t s  o f  N o r t h w e s t e r n  A m er ica  
D i r e c t o r s :  I . J .  B a l l  and  C . J .  J o n k e t ^
M o r p h o l o g i c a l  v a r i a t i o n  o f  b o b c a t  ( F e l i s  r u f u s ) p o p u l a t i o n s  f ro m  
B r i t i s h  C o lu m b ia ,  W a s h i n g t o n ,  O re g o n ,  I d a h o ,  and  M o n tan a  was  s t u d i e d  
u s i n g  14 c r a n i a l ,  6 m a n d i b u l a r ,  and  15 d e n t a l  m e a s u r e m e n t s .  U n i v a r i a t e  
and  m u l t i v a r i a t e  m e th o d s  o f  a n a l y s i s  w e r e  u s e d  t o  a s s e s s  g e o g r a p h i c  
v a r i a t i o n  i n  416 a d u l t s  (279 m a l e s  and  137 f e m a l e s )  p o o l e d  i n t o  26 
g e o g r a p h i c a l l y  c o n t i g u o u s  l o c a l i t i e s .  C o a s t a l  ( F e l i s  r u f u s  f a s c i a t u s )  
and  i n t e r i o r  ( F .  jr .  p a l l e s c e n s )  fo rm s  w e re  d i v i d e d  s h a r p l y  by  t h e  
C a s c a d e  c r e s t  i n  W a s h in g to n  and  B . C . ,  b u t  l e s s  s o  i n  O re g o n .  W ith  
r e s p e c t  t o  i n h e r e n t  i n t r a l o c a l i t y  v a r i a t i o n ,  m a l e s  o f  b o t h  s u b s p e c i e s  
showed g r e a t e r  v a r i a b i l i t y  t h a n  f e m a l e s .  I n t e r l o c a l i t y  v a r i a t i o n  i n  
c o a s t a l  f e m a l e s  was  g r e a t e r  t h a n  i n  c o a s t a l  m a l e s ,  b u t  s l i g h t l y  l e s s  
t h a n  i n  m a l e s  f ro m  t h e  i n t e r i o r .  W id th  d i m e n s i o n s  w e r e  m ore  v a r i a b l e  
t h a n  l e n g t h  d i m e n s i o n s  f o r  b o t h  s e x e s  i n  b o t h  s u b s p e c i e s .  TF. j r .  
p a l l e s c e n s  d i s p l a y e d  g r e a t e r  v a r i a t i o n  among and  w i t h i n  s a m p le  
l o c a l i t i e s .  Of 35 c h a r a c t e r s ,  34 e x h i b i t e d  s i g n i f i c a n t  s e x u a l  d i m o r ­
p h i s m  w i t h  m a l e s  l a r g e r  t h a n  f e m a l e s .  The i n t e n s i t y  o f  d im o r p h i s m  
was g r e a t e s t  among t h e  m a n d i b u l a r  c h a r a c t e r s .  JF. p a l l e s c e n s  was 
s i g n i f i c a n t l y  l e s s  d i m o r p h i c  t h a n  2» f a s c i a t u s . C o r o n o i d  h e i g h t ,  
d i a s t e m a  l e n g t h ,  and  d e p t h  o f  j a w  showed t h e  g r e a t e s t  r e l a t i v e  d i f ­
f e r e n c e s  b e t w e e n  s e x e s .  D i s c r i m i n a n t  f u n c t i o n s  w e re  com pu ted  t o  
i d e n t i f y  u n s e x e d  i n d i v i d u a l s .  T w e n t y - f i v e  m a le  and  26 f e m a le  
c h a r a c t e r s  showed s i g n i f i c a n t  i n t e r l o c a l i t y  v a r i a t i o n  w i t h  7 d e n t a l  
c h a r a c t e r s  sh o w in g  no  v a r i a t i o n  f o r  b o t h  s e x e s .  L o c a l i t i e s  w e r e  
p r o j e c t e d  o n t o  3 p r i n c i p a l  co m p o n en t s  b a s e d  on c h a r a c t e r  c o r r e l a t i o n s .  
Component I  ( a  s i z e  f a c t o r )  showed t h a t  f o r  b o t h  s e x e s  t h e  l a r g e s t  
b o b c a t s  o c c u r  i n  s o u t h e r n  I d a h o .  The s m a l l e s t  m a l e s  w e r e  f o u n d  i n  
e a s t e r n  M o n tan a ,  and  t h e  s m a l l e s t  f e m a l e s  i n  w e s t e r n  O re g o n .  Component 
I I  d e s c r i b e d  t h e  j a w  and t o o t h  s h a p e  g r a d i e n t .  B o b c a t s  w i t h  r e l a t i v e l y  
r o b u s t  d e n t i t i o n  and  t h i c k  ja w s  o c c u r r e d  i n  w e s t e r n  W a s h i n g t o n ,  w i t h  
t h e  o p p o s i t e  t r u e  f o r  i n d i v i d u a l s  f rom  s o u t h w e s t e r n  I d a h o .  P honogram s  
w e r e  d e r i v e d  and  s u b s t a n t i a t e d  t h e s e  r e l a t i o n s h i p s .  R i v e r s  s eem ed  
t o  a c t  a s  b a r r i e r s  t o  g e n e  f l o w  an d  t o  e n h a n c e  t h e  d e g r e e  o f  
d i f f e r e n t i a t i o n  o f  p o p u l a t i o n s .  C h a r a c t e r  u s e f u l n e s s ,  r e l i a b i l i t y ,  
and  r e d u n d a n c y  w e r e  e v a l u a t e d  and  a  r e d u c e d  c h a r a c t e r  s u i t e  was 
recom m ended .
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t o  a l l o w  me e x t r a  t i m e  w i t h  t h e  c o l l e c t i o n .  I  t h a n k  Mr. K e n n e th  G r e e r  
(M o n tan a  D e p a r t m e n t  o f  F i s h ,  W i l d l i f e  and  P a r k s ,  Bozeman) and  C a r o l e  
P r e n t i s s  ( I d a h o  F i s h  and  Game, B o i s e )  f o r  t h e i r  c o o p e r a t i o n  i n  m a k in g  
s k u l l s  and  a c c o m p a n y in g  d a t a  a v a i l a b l e  t o  me i n  t h e i r  r e s p e c t i v e  l a b s .  
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CHAPTER I
INTRODUCTION
The b o b c a t  ( F e l i s  r u f u s ) i s  a  m e d i u m - s i z e d  c a r n i v o r e  w i d e l y  
d i s t r i b u t e d  i n  t h e  U n i t e d  S t a t e s ,  t h e  s o u t h e r n  p o r t i o n s  o f  C an a d a ,  and  
n o r t h e r n  M ex ic o .  Any a n i m a l  w i t h  s u c h  a w ide  d i s t r i b u t i o n  may be 
e x p e c t e d  t o  d i f f e r e n t i a t e  c o n s i d e r a b l y  due  t o  v a r y i n g  é c o l o g i e  and  
i s o l a t i n g  f a c t o r s .  G e o g r a p h i c  v a r i a t i o n  i s  fo u n d  i n  n e a r l y  e v e r y  g r o u p  
o f  o r g a n i s m s  (M ayr ,  1 9 6 3 ) .  H a l l  ( 1 9 8 1 )  b e l i e v e d  t h a t  l o c a l  v a r i a t i o n s  
among b o b c a t s  j u s t i f i e s  r e c o g n i t i o n  o f  11 d i f f e r e n t  s u b s p e c i e s .  
M o r p h o l o g i c a l  v a r i a t i o n  i n  d i f f e r e n t  g e o g r a p h i c  l o c a l i t i e s  makes up one 
o f  t h e  most  f r e q u e n t l y  e n c o u n t e r e d  t y p e s  o f  e c o l o g i c a l  v a r i a t i o n .  
However ,  m o r p h o l o g i c a l  r e l a t i o n s h i p s  among b o b c a t  p o p u l a t i o n s  a r e  
i n c o m p l e t e l y  u n d e r s t o o d .  G r i n n e l l  and  Dixon ( 1 9 2 4 )  r e v i e w e d  and  r e v i s e d  
b o b c a t  s u b s p e c i e s  i n  C a l i f o r n i a ,  w h e r e a s  P e t e r s o n  and  Downing ( 1 9 5 2 )  
su m m ar ized  d i s t i n g u i s h i n g  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  f o r  b o b c a t  
s u b s p e c i e s  o f  e a s t e r n  N o r th  A m e r ic a  and  d e s i g n a t e d  a new r a c e .  Samson 
(1 9 7 9 )  v e r i f i e d  t h e  s t a t u s  o f  t h e  11 s u b s p e c i e s  p r o p o s e d  by H a l l  and  
K e l s o n  ( 1 9 5 9 ) ,  b u t  d i d  n o t  a s s e s s  p a t t e r n s  o f  g e o g r a p h i c  and  m o r p h o l o g i c  
v a r i a t i o n .  Read ( 1 9 8 1 )  d e s c r i b e d  i n d i v i d u a l  v a r i a b i l i t y ,  a g e ,  s e x u a l  
v a r i a t i o n ,  and  p a t t e r n s  o f  g e o g r a p h i c  v a r i a t i o n  i n  f o u r  b o b c a t  
s u b s p e c i e s  f o u n d  i n  s o u t h c e n t r a l  U n i t e d  S t a t e s .
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The p r e s e n t  s t u d y  i s  l i m i t e d  t o  b o b c a t  s p e c i m e n s  f rom  t h e  
n o r t h w e s t e r n  U n i t e d  S t a t e s  and  C an a d a ,  i n c l u d i n g  W a s h i n g t o n ,  O r e g o n ,  
I d a h o ,  M o n tan a ,  and  B r i t i s h  C o lu m b ia .  Two r e c o g n i z e d  s u b s p e c i e s  a r e  
f o u n d  w i t h i n  t h i s  a r e a :  F e l i s  r u f u s  f a s c i a t u s . t h e  c o a s t a l  fo rm  and
F . r . p a l l e s c e n s . t h e  i n t e r i o r  fo rm -  The s p e c i f i c  o b j e c t i v e s  o f  t h i s  
s t u d y  a r e :
( 1 )  t o  d e s c r i b e ,  w i t h  t h e  a i d  o f  m u l t i v a r i a t e  m e t h o d s ,  t h e  e x t e n t  
and  p a t t e r n s  o f  g e o g r a p h i c  v a r i a t i o n  i n  b o b c a t  p o p u l a t i o n s  o f  
n o r t h w e s t e r n  A m e r i c a ;
( 2 )  t o  d e t e r m i n e  t h e  e x t e n t  o f  s e x u a l  d im o r p h i s m  a t  b o t h  t h e  
s p e c i e s  and  s u b s p e c i e s  l e v e l s ;
( 3 )  t o  a s s e s s  t h e  m a g n i t u d e  o f  g e n e r a l  p h e n e t i c  v a r i a b i l i t y  among 
and  b e tw ee n  s u b s p e c i e s ;
( 4 )  t o  s p e c i f y  f ro m  t h e  m o r p h o w e t r i c  c h a r a c t e r s  u s e d  i n  t h i s  s t u d y  
a  p a r t i c u l a r  s u b s e t  o f  c h a r a c t e r s  t h a t  a d e q u a t e l y  c h a r a c t e r i z e  i n t r a -  
and  i n t e r s u b s p e c i f i c  v a r i a b i l i t y  o f  b o b c a t  s k u l l s .
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CHAPTER I I
MATERIALS AND PROCEDURES
S tu d y  Sp ec im en s
S k u l l s  o f  b o b c a t s  f rom  B r i t i s h  C o lu m b ia ,  I d a h o ,  M o n tan a ,  O r e g o n ,  
and  W ash in g to n  w ere  e x a m i n e d .  S p e c im e n s  were  a s s i g n e d  t o  s e x e s  b a s e d  on  
l a b e l  i n f o r m a t i o n  and  t o  s u b s p e c i e s  a c c o r d i n g  t o  U a l l  and  K e l s o n  ( 1 9 5 9 ) .  
Of 1350 s p e c i m e n s  h a n d l e d ,  480  s k u l l s  w ere  s u i t a b l e  f o r  m e n s u r a t i o n .  
A f t e r  m e a s u r e m e n t s  were  r e c o r d e d ,  416 s p e c im e n s  (279 m a le s  and  137 
f e m a l e s )  were  a s s i g n e d  t o  26 s am p le  l o c a l i t i e s  ( T a b l e  1)  f o r  a n a l y s i s  o f  
m o r p h o u e t r i c  v a r i a t i o n  w i t h i n  and  among p o p u l a t i o n s .  The f i n a l  c h o i c e  
o f  s p e c im e n s  was b a s e d  on t h e i r  m o r p h o l o g i c a l  c o n d i t i o n ,  c o m p l e t e n e s s ,  
and  p re su m ed  a c c u r a c y  o f  l a b e l  i n f o r m a t i o n .  B ecau se  o f  c o n s i d e r a b l e  a g e  
v a r i a t i o n  i n  s k u l l  s i z e ,  I  c o n f i n e d  t h e  s t u d y  t o  a d u l t s  ( O s s e n b e r g ,  
1 9 7 0 ) .  The f o l l o w i n g  c r i t e r i a  were  u s e d  t o  i d e n t i f y  a d u l t s :
1)  c l o s u r e  o f  b a s i s p h e n o i d - b a s i o c c i p i t a l  s u t u r e
2)  p r e s e n c e  o f  p e r m a n e n t  d e n t i t i o n  ( G l a s s  and  M a r t i n ,  1978)
3 )  p r e s e n c e  o f  s a g i t t a l  c r e s t
4 )  p r e s e n c e  o f  a s m o o th ,  f i r m  s k u l l  s u r f a c e  due  t o  c o m p l e t e
o s s i f i c a t i o n
5)  s p h e n o i d ,  p r e s p h e n o i d ,  t e m p o r a l ,  and  o c c i p i t a l  b o n e s  o s s i f i e d
( R e i g h a r d  and  J e n n i n g s ,  1 9 29)
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u s e d  i n
T a b l e  1 . — S p e c im e n s  e x am in ed  
t h i s  s t u d y .
i n  t h i s  s t u d y  and l o c a t i o n c o d e s
A l p h a ­
n u m e r i c
c o d e Sample  a r e a  name
S tu d y
M ale
s k u l l s
F em a le
L o c a t i o n  No. 
M ale  F e m a le
BCOl N.W. V a n c o u v e r ,  B .C . 9 3 1 1
OP03 Olym pic  P e n i n s u l a ,  WA 9 17 2 2
PA04 P a c i f i c  C o u n t y ,  WA 11 8 3 3
CW05 C o w l i t z  C o u n t y ,  WA 5 5 4 4
ESIO E s t a c a d a ,  OR 11 11 5 5
c o i l B e l l e - P o r t  O r f o r d ,  OR 10 5 6 6
BL12 B lu e  R i v e r , OR 10 9 7 7
DRI3 Drew, OR 10 4 8 8
BC02 Okanogan V a l l e y ,  WA 11 4 9 9
YK06 Y a k i m a - H a n f o r d ,  WA 13 5 10 10
ST08 S t e v e n s  C o u n ty ,  WA 10 — 11 —
BMC 9 B lu e  M o u n t a i n s ,  WA-OR 11 3 12 11
KL14 K la m a th  C o u n t y ,  OR 6 — 13 —
HA15 H a rn ey  C o u n t y ,  OR 12 8 14 12
TC16 T h r e e  C r e e k ,  ID 15 7 15 13
OKI 7 O a k le y - A l m o , ID 14 11 16 14
SE18 S o u t h e a s t ,  ID 17 5 17 15
CC19 C l a r k  C o u n t y , ID 5 5 18 16
CH20 Salmon M o u n t a i n s , ID 8 - 19 —
PA21 W a s h in g to n  C o u n t y ,  ID 14 6 20 17
BN22 B o n n er  C o u n t y ,  ID 10 4 21 18
PW23 Powder  R i v e r ,  MT 17 12 22 19
RD24 R ou n d u p , MT 7 4 23 20
BI26 B i l l i n g s - R e d  L o d g e ,  MT 4 4 24 21
P I 3 0 P i u t e  B a s i n ,  ID 15 5 25 22
TF39 T h r e e  F o r k s ,  MT 7 - 26 —
T o t a l s 271 145
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6 )  g r e a t e s t  s k u l l  l e n g t h  > 115 nun,
7)  t o o t h  wear
The m a j o r i t y  o f  s k u l l  s p e c im e n s  w ere  o b t a i n e d  f ro m  museums. The 
l a r g e s t  s i n g l e  c o l l e c t i o n  e x am in ed  was t h a t  o f  t h e  U n i t e d  S t a t e s  
N a t i o n a l  Museum. A l s o  s t u d i e d ,  t h r o u g h  l o a n  and  o n - s i t e  v i s i t s ,  were  
s p e c im e n s  i n  t h e  f o l l o w i n g  i n s t i t u t i o n s  and  a g e n c i e s :  C o l l e g e  o f  I d a h o ,
I d a h o  F i s h  and  Game D e p a r t m e n t ,  Montana  D e p a r tm e n t  o f  F i s h ,  W i l d l i f e  and  
P a r k s ,  Montana S t a t e  U n i v e r s i t y ,  Oregon  S t a t e  U n i v e r s i t y ,  R o y a l  O n t a r i o  
Museum, U n i v e r s i t y  o f  B r i t i s h  C o lu m b ia ,  U n i v e r s i t y  o f  M o n tan a ,
U n i v e r s i t y  o f  P u g e t  S o u n d ,  U n i v e r s i t y  o f  W a s h i n g t o n ,  and  W a s h in g to n  
S t a t e  U n i v e r s i t y .
C h a r a c t e r  M en su ra t  io n
T h i r t y - f i v e  q u a n t i t a t i v e  c h a r a c t e r s  w ere  m e a s u r e d  on  416 s k u l l s  
f ro m  26 sam ple  l o c a l i t i e s ,  g i v i n g  a t o t a l  o f  1 4 ,5 6 0  s e p a r a t e  c h a r a c t e r  
s t a t e s  m e a s u r e d .  C h a r a c t e r s  were  m e a s u r e d  a s  d e s c r i b e d  by D eB la se  and 
M a r t i n  ( 1 9 7 4 ) ,  Law rence  and  B o s s e r t  ( 1 9 6 7 ) ,  and  A n d e r so n  ( 1 9 7 0 ) .  T a b l e  
2 g i v e s  a  l i s t  o f  t h e  c h a r a c t e r s  and  t h e i r  ac ro n y m s  u s e d  i n  t h i s  s t u d y .  
M ea su rem en ts  were  made w i t h  M i t u t o y o  d i a l  c a l i p e r s  c a l i b r a t e d  t o  0 . 0 5  
null., and  w ere  r e c o r d e d  t o  t h e  n e a r e s t  0 . 1  uuu. A l l  m e a s u r e m e n t s  u s e d  i n  
t h i s  s t u d y  a r e  d e f i n e d  b e lo w ;  l e t t e r s  and  n u m e r a l s  i n  p a r e n t h e s e s  r e f e r  
t o  F i g u r e  1 .
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T a b l e  2 . — L i s t  o f  c h a r a c t e r s  ex am in ed .
Number Acronym D e s c r i p t i o n
1 GSL G r e a t e s t  s k u l l  l e n g t h
2 CBL C o n d y l o b a s a l  l e n g t h
3 PL P a l a t a l  l e n g t h
4 NL N a s a l  l e n g t h
5 PPL P o s t p a l a t a l  l e n g t h
6 MB M a s t o i d  b r e a d t h
7 ZB Z y g o m a t ic  b r e a d t h
8 POP P o s t o r b i t a l  p r o c e s s e s  w i d t h
9 POB P o s t o r b i t a l  b r e a d t h
10 lOB I n t e r o r b i t a l  b r e a d t h
11 MTR M a x i l l a r y  t o o t h  row
12 RBC R o s t r a l  b r e a d t h  a t  c a n i n e s
13 RBP R o s t r a l  b r e a d t h  a t  p r e m o l a r
14 CB C o n d y le  b r e a d t h
15 CH C o r o n o id  h e i g h t
16 DJ D e p th  o f  j a w
17 MRL M o la r  row l e n g t h
18 DL D i a s t e m a  l e n g t h
19 LJ L e n g t h  o f  j a w
20 TJ T h i c k n e s s  o f  jaw
21 UCW U pper  c a n i n e  w i d t h
22 UCL U pper  c a n i n e  l e n g t h
23 UP3W U pper  p r e m o l a r  3 w i d t h
24 UP3L U ppe r  p r e m o l a r  3 l e n g t h
25 UP4L Upper  p r e m o l a r  4 l e n g t h
26 UP4W Upper  p r e m o l a r  4 w i d t h
27 UP4P U pper  p r e m o l a r  4 b l a d e  l e n g t h
28 UP4M U pper  p r e m o l a r  4 m e t a c o n e  l e n g t h
29 LMW Lower m o l a r  w i d t h
30 LML Lower m o l a r  l e n g t h
31 LMTL Lower m o l a r  t r i g o n i d  l e n g t h
32 LMPL Lower m o l a r  p r o t o c o n i d  l e n g t h
33 LP4P Lower p r e m o l a r  4 p r o t o c o n i d  l e n g t h
34 LP4L Lower p r e m o l a r  4 l e n g t h
35 LP4W Lower p r e m o l a r  4 w i d t h



























C/) F i g .  1 .— D o r s a l ,  v e n t r a l ,  and l a t e r a l  v iew s  o f  t h e  c ran iu m  and m a n d ib le  o f  F e l i s  r u f u s  
showing p o i n t s  u sed  to  e s t a b l i s h  c r a n i a l  m easu rem en ts .
G r e a t e s t  l e n g t h  o f  s k u l l  ( A - A ' ) .  From t h e  m os t  a n t e r i o r  p o i n t  o f  
t h e  r o s t r u m  t o  t h e  m os t  p o s t e r i o r  p a r t  o f  t h e  o c c i p i t a l .
C o n d y l o b a s a 1 l e n g t h  ( B - B ' ) .  From t h e  a n t e r i o r  e d g e  o f  t h e  
p r e m a x i l l a e  t o  t h e  p o s t e r i o r m o s t  p o i n t  o f  t h e  o c c i p i t a l  
c o n d y l e s .
P a l a t a l  l e n g t h  ( C - C ' ) .  The l e a s t  d i s t a n c e  f ro m  t h e  a n t e r i o r  e d g e  
o f  t h e  p r e m a x i l l a e  t o  t h e  a n t e r i o r m o s t  p o i n t  on  p o s t e r i o r  
edge  o f  t h e  p a l a t e .
Masai l e n g t h  ( D - D " ) .  From t h e  a n t e r i o r m o s t  p o i n t  o f  n a s a l  b o n e s  
t o  p o s t e r i o r m o s t  p o i n t  t a k e n  a l o n g  m i d l i n e  o f  s k u l l .
F o s t p a l a t a l  l e n g t h  ( E - E ' ) .  From t h e  a n t e r i o r m o s t  p o i n t  on
p o s t e r i o r  edge  o f  p a l a t e  t o  a n t e r i o r m o s t  p o i n t  on  lo w e r  edge  
o f  t h e  fo r am e n  magnum.
M a s t o i d  b r e a d t h  ( F - F " ) .  G r e a t e s t  w i d t h  a c r o s s  t h e  m a s t o i d  
p r o c e s s e s  p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  o f  s k u l l .
ZvKomatic  b r e a d t h  ( G - G ' ) .  G r e a t e s t  d i s t a n c e  a c r o s s  t h e  z y g o m a t i c  
a r c h e s  p e r p e n d i c u l a r  t o  t h e  lo n g  a x i s  o f  s k u l l .
P o s t o r b i t a l  p r o c e s s e s  ( H - K " ) ,  G r e a t e s t  w i d t h  a c r o s s  t h e
p o s t o r b i t a l  p r o c e s s e s  p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  o f  
s k u l l .
P o s t o r b i t a l  b r e a d t h  C l - I " ) .  L e a s t  w i d t h  a c r o s s  t h e  f r o n t a l  b o n e s  
b e h i n d  t h e  p o s t o r b i t a l  p r o c e s s e s .
I n t e r o r b i t a l  b r e a d t h  ( J - J " ) .  L e a s t  d i s t a n c e  d o r s a l l y  b e tw e e n  t h e  
o r b i t s .
M a x i l l a r y  t o o t h  row l e n g t h  ( K - K " ) .  L e a s t  d i s t a n c e  f ro m  t h e  
a n t e r i o r  b o r d e r  o f  t h e  c a n i n e  a t  t h e  a l v e o l u s  t o  t h e  
p o s t e r i o r  b o r d e r  o f  t h e  f o u r t h  u p p e r  p r e m o l a r .
R o s t r a  1 b r e a d t h  a t  c a n i n e s  ( L - L " ) .  Wid th  a c r o s s  r o s t r u m  t a k e n  a t  
s u t u r e  b e tw e e n  p r e m a x i l l a e  and  m a x i l l a e .
R o s t r a l  b r e a d t h  a t  p r e m o l a r  ( H - M ' ) .  W idth  a c r o s s  r o s t r u m  t a k e n  
b e tw ee n  p o s t e r i o r  b o r d e r  o f  t h i r d  u p p e r  p r e m o l a r  a t  t h e  
a l v e o l u s .
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C o n d y le  b r e a d t h  ( M - N ' ) .  G r e a t e s t  w i d t h  o f  o c c i p i t a l  c o n d y l e s  
p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  o f  s k u l l .
C o r o n o id  h e i g h t  ( 0 - 0 ' ) .  D i s t a n c e  f ro m  t h e  l o w e r  b o r d e r  t o  t h e  
t i p  o f  t h e  c o r o n o i d  p r o c e s s .
D ep th  o f  iaw ( P - P ' ) .  The D ep th  o f  jaw a t  t h e  p o s t e r i o r  end  o f  
t h e  lo w er  m o l a r  m e a s u r e d  f rom  t h e  l e v e l  o f  t h e  a l v e o l u s  t o  
t h e  lo w er  b o r d e r .
M ola r  row l e n g t h  ( Q - Q ' ) .  The l e a s t  d i s t a n c e  f rom  t h e
a n t e r i o r m o s t  b o r d e r  o f  t h e  t h i r d  l o w e r  p r e m o l a r  t o  t h e  
p o s t e r i o r  b o r d e r  o f  t h e  l o w e r  m o l a r  a t  t h e  a l v e o l u s .
D ia s t e m a  l e n g t h  ( R - R ' ) .  From p o s t e r i o r  m a r g i n  o f  a l v e o l u s  o f  t h e  
c a n i n e  t o  t h e  a n t e r i o r  m a r g i n  o f  a l v e o l u s  o f  t h i r d  lo w er  
p r e m o l a r .
L e n g th  o f  iaw S - S ' ) .  The t o t a l  l e n g t h  f ro m  t h e  s y m p h y s i s  o f  t h e  
a l v e o l u s  o f  t h e  f i r s t  i n c i s o r  t o  t h e  m os t  d i s t a n t  edge  o f  t h e  
c o n d y l e .
Jaw t h i c k n e s s  ( T - T ' ) .  The w i d t h  b e tw ee n  l a b i a l  and  l i n g u a l  
s u r f a c e s  t a k e n  a t  t h e  n o t c h  i n  t h e  lo w e r  m o l a r ,  ( t h i s  
m e a s u re m e n t  n o t  p i c t u r e d  i n  F i g .  1)
U pper  c a n i n e  w i d t h  ( U - U ' ) .  T r a n s v e r s e  w i d t h  o f  t h e  c a n i n e  a t  t h e
l e v e l  o f  t h e  c i n g u l u m .
Upper  c a n i n e  l e n g t h  ( V - V ' ) .  The d i s t a n c e  b e tw e e n  a n t e r i o r  and  
p o s t e r i o r  e d g e s  o f  t h e  c a n i n e  a t  t h e  c i n g u l u m .
T h i r d  u p p e r  p r e m o l a r  w i d t h  (W -W ') .  The maximum t r a n s v e r s e  w i d t h  
m e a s u r e d  a t  t h e  c i n g u l u m .
T h i r d  u p p e r  p r e m o l a r  l e n g t h  ( X - X ' ) .  Maximum d i s t a n c e  f ro m  t h e
a n t e r i o r  t o  t h e  p o s t e r i o r  e d g e s  m e a s u r e d  a t  t h e  c i n g u l u m .
F o u r t h  u p p e r  p r e m o l a r  l e n g t h  ( Y - Y ' ) .  Maximum d i s t a n c e  f ro m  t h e  
p o s t e r i o r  t o  a n t e r i o r  e d g e s  o f  t h e  m o l a r  m e a s u r e d  on t h e  
l a b i a l  s i d e  i n  t h e  p l a n e  o f  t h e  t o o t h  ro w .
F o u r t h  u p p e r  p r e m o l a r  w i d t h  ( Z - Z ' ) .  Maximum t r a n s v e r s e  w i d t h  
m e a s u r e d  a t  t h e  c i n g u l u m .
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F o u r t h  u p p e r  p r e m o l a r  b l a d e  l e u x t h  ( 1 - 1 ' ) .  A n t e r i o r  t o  p o s t e r i o r  
l e n g t h  o f  t h e  b l a d e .
F o u r t h  u p p e r  p r e m o l a r  m e ta c o n e  le i iR th  ( 2 - 2 ' )  . A n t e r i o r  t o  
p o s t e r i o r  l e n g t h  o f  t h e  m e ta c o n e  c u s p .
Lower m o l a r  w i d t h  ( 3 - 3 ' ) .  G r e a t e s t  t r a n s v e r s e  w i d t h  m e a s u r e d  
a c o s s  t h e  n o t c h  o f  t h e  t o o t h .
Lower m o la r  l e n a t h  ( 4 - 4 ' ) .  G r e a t e s t  a n t e r i o r - p o s t e r i o r  l e n g t h  
m e a s u r e d  on  t h e  l i n g u a l  s i d e .
Lower m o l a r  n o t c h  l e n a t h  ( 5 - 5 ' ) .  Maximum a n t e r i o r - p o s t e r i o r
d i s t a n c e  a c r o s s  t h e  n o t c h  m e a s u r e d  f ro m  t h e  t i p  o f  p r o t o c o n i d  
t o  t i p  o f  p a r a c o n i d .
Lower m o l a r  p r o t o c o n i d  l e n a t h  ( 6 - 6 ' ) .  D i s t a n c e  f rom  t i p  o f  
p r o t o c o n i d  t o  t h e  c e n t e r  o f  t h e  n o t c h .
F o u r t h  lo w e r  p r e m o l a r  p r o t o c o n i d  l e n a t h  ( 7 - 7 ' ) .
A n t e r i o r - p o s t e r i o r  d i s t a n c e  m e a s u r e d  a t  t h e  b a s e  o f  t h e  
p r o t o c o n i d .
F o u r t h  lo w e r  p r e m o l a r  l e n g t h  ( 8 - 8 ' ) .  G r e a t e s t  a n t e r i o r - p o s t e r i o r  
d i s t a n c e  m e a s u r e d  a t  t h e  c i n g u l u m .
F o u r t h  lo w e r  p r e m o l a r  w i d t h  ( 9 - 9 ' ) .  Maximum t r a n s v e r s e  d i s t a n c e  
m e a s u r e d  a t  t h e  c i n g u l u m .
B i o m e t r i c  A n a l y s i s .
U n i v a r i a t e  s t a t i s t i c s  w ere  c a l c u l a t e d  w i t h  t h e  UMIVAR c o m p u te r  
p ro g r a m  w r i t t e n  by Power ( 1 9 6 9 ) .  Mo r a t i o s  o f  m e a s u r e m e n t s  w e re  u s e d .  
R ea s o n s  f o r  e x c l u d i n g  c h a r a c t e r s  b a s e d  on  r a t i o s  a r e  d i s c u s s e d  by S k e e l  
and  Carbyn  ( 1 9 7 7 ) .  Use o f  n o n - r a t i o  d a t a  a l l o w e d  s i z e  t o  d i s t i n g u i s h  
t h e  v a r i o u s  g r o u p s  i n  t h e  a n a l y s e s .  Mowak ( 1 9 7 9 )  and  S k e e l  and  C arbyn  
( 1 9 7 7 )  b o t h  a g r e e d  t h a t ,  i n  c a n i d s ,  s i z e  c an  be  a n  i m p o r t a n t  f a c t o r  i n  
d i s t i n g u i s h i n g  g r o u p s  w i t h i n  and  among s p e c i e s .
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Most m u l t i v a r i a t e  p r o c e d u r e s  r e q u i r e  c o m p l e t e  d a t a  s e t s  f o r  
a c c u r a t e  r e p r e s e n t a t i o n  o f  r e l a t i o n s h i p s .  A p p r o x i m a t e l y  0.6% o f  t h e  
t o t a l  d a t a  s e t  w ere  m i s s i n g  v a l u e s .  I  u s e d  t h e  ËMDP-AM p r o g r a m ,  
d e v e l o p e d  a t  t h e  H e a l t h  S c i e n c e s  Comput ing  F a c i l i t y ,  UCLA, t o  e s t i m a t e  
m i s s i n g  v a l u e s  by a s t e p w i s e  m u l t i p l e  r e g r e s s i o n  t e c h n i q u e  (D ix o n  and 
Brown, 1 9 7 9 ) .  T h i s  p r o g r a m  s e l e c t s  t h e  b e s t  s e t  o f  p r e d i c t o r  v a r i a b l e s  
f o r  e a c h  c a s e  w i t h  m i s s i n g  v a l u e s ,  u s e s  t h e s e  v a r i a b l e s  t o  e s t i m a t e  t h e  
m i s s i n g  v a l u e ,  an d  t h e n  i n s e r t s  t h i s  v a l u e  i n t o  t h e  d a t a  s e t .
S e p a r a t e  p r i n c i p a l  c o m p o n en t s  a n a l y s e s  w ere  p e r f o r m e d  on  t h e  
s t a n d a r d i z e d  m a t r i c e s  o f  l o c a l i t y  means u s i n g  t h e  N u m e r i c a l  Taxonomy 
S y s tem  (NT-SYS) p a c k a g e  o f  m u l t i v a r i a t e  p r o g r a m s  d e v e l o p e d  by R o h l f  e t  
a l .  ( 1 9 7 2 ) .  C l u s t e r  a n a l y s e s  b a s e d  on  b o t h  c o r r e l a t i o n  and t a x o n o m ic  
d i s t a n c e  m a t r i c e s  w ere  a l s o  c a r r i e d  o u t  w i t h  NT-SYS.
To d e t e c t  s e x u a l  d i m o r p h i s m ,  I  p e r f o r m e d  m u l t i v a r i a t e  a n a l y s i s  o f  
v a r i a n c e  (MANOVA) t o  d e t e r m i n e  i f  t h e  s e x e s  were  s t a t i s t i c a l l y  d i f f e r e n t  
by u s i n g  t h e  ANOVA p ro g r a m  o f  t h e  S t a t i s t i c a l  A n a l y s i s  S y s te m  (SAS) 
(H e lw ig  an d  C o u n c i l ,  1 9 7 9 ) .  A l l  c o m p u t a t i o n s  were  p e r f o r m e d  by t h e  
Oklahoma B i o l o g i c a l  S u r v e y  a t  t h e  U n i v e r s i t y  o f  Oklahoma C o m p u ta t io n  
C e n t e r  on  t h e  IBM 3 6 0 / 1 2 5  c o m p u t e r .  The DISCRIMINANT p ro g ram  o f  t h e  
S t a t i s t i c a l  P a c k a g e  f o r  S o c i a l  S c i e n c e  (SPSS) was u s e d  f o r  a l l  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  (N ie  e t  a l . ,  1 9 7 5 ) .  To compare  
c h a r a c t e r s  f o r  r e d u n d a n c y  and  h e t e r o g e n e i t y ,  I  a n a l y s e d  c h a r a c t e r  
c o r r e l a t i o n  m a t r i c e s  f o r  b o t h  s e x e s  w i t h  a  c l u s t e r i n g  p ro g ram  p a c k a g e
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(CLUSTAîO d e v e l o p e d  a t  t h e  U n i v e r s i t y  o f  London C o m p u ta t io n  C e n t r e  by 
W i s h a r t  ( 1 9 7 5 ) ,  w h ic h  was made a v a i l a b l e  t o  me a t  t h e  U n i v e r s i t y  o f  
W a s h in g to n  Academ ic  Computer C e n t e r .  A l l  r e m a i n i n g  c o m p u te r  a n a l y s e s  
(SPSS and  BilDP) were  c o m p l e t e d  a t  t h e  U n i v e r s i t y  o f  Montana Compute r 
C e n t e r .  C o m p u ta t io n s  r e l a t e d  t o  r e l a t i v e  v a r i a b i l i t y  were  done  m a n u a l l y  
on a  T I - 5 6  p ro g ram m a b le  hand  c a l c u l a t o r .  N o n - p a r a r a e t r i c  s t a t i s t i c a l  
t e s t s  w ere  p e r f o r m e d  a c c o r d i n g  t o  p r o c e d u r e s  s u g g e s t e d  by S o k a l  and  
R o h l f  ( 1 9 6 9 )  and  D a n i e l  ( 1 9 7 8 ) .  SPSS p r o g r a m s  (KPAR, WONPAR) were  
u t i l i z e d  f o r  s i g n i f i c a n c e  t e s t s  o f  t h e s e  p r o c e d u r e s  ( H u l l  and  N i e ,
1 9 7 9 ) .  T h i s  m a n u s c r i p t  was p r e p a r e d  a c c o r d i n g  t o  s t y l e  g u i d e l i n e s  
s u g g e s t e d  by t h e  J o u r n a l  o f  Mammalogy.
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CHAPTER I I I
RESULTS
I n d i v i d u a l  V a r i a t i o n
C o e f f i c i e n t s  o f  v a r i a t i o n  (CV) h ave  p r o v e n  t o  be a  u s e f u l  s t a t i s t i c  
f o r  c o m p a r in g  d i f f e r e n c e s  i n  t h e  am oun ts  by w h ich  c h a r a c t e r s  v a r y  i n  
p o p u l a t i o n s  ( s a m p le  l o c a l i t i e s ,  t a x a ,  e t c . )  (S im pson  e t  a l . ,  1 960 ;  Long ,  
1 968 ;  Y a b lo k o v ,  1 9 7 4 ) .  T h e s e  d i f f e r e n c e s  c a n  be  e x am in ed  f o r  t h e  same 
m e asu re m e n t  among s e v e r a l  s am p le  l o c a l i t i e s ,  b e tw ee n  s u b s p e c i e s ,  o r  a t  
t h e  s p e c i e s  l e v e l .  C o m p a r i s o n s  may a l s o  be  made w i t h i n  one p o p u l a t i o n  
b u t  among d i f f e r e n t  c h a r a c t e r s .
S t a t i s t i c s  w h ich  q u a n t i f y  v a r i a t i o n  i n  35 c h a r a c t e r s  s e p a r a t e d  by 
s e x  a r e  p r e s e n t e d  i n  T a b l e  3 .  C o e f f i c i e n t s  o f  v a r i a t i o n  f o r  a l l  
s p e c im e n s  combined  o v e r  a l l  c h a r a c t e r s  r a n g e d  f ro m  a low o f  3 . 8 8  t o  a 
h i g h  o f  1 3 . 6 0 ,  w i t h  t h e  mean v a l u e  b e i n g  5 . 7 6 ,  w e l l  w i t h i n  r e c o g n i z e d  
n o r m a l  l i m i t s  o f  5 . 0  t o  6 . 0  f o r  mammals (S im pson  e t  a l . ,  1 9 6 0 ) .  The 
mean CV f o r  f e m a l e s  ( 5 . 6 5 )  a v e r a g e d  s l i g h t l y  lo w e r  t h a n  t h a t  f o r  t h e  
m a l e s  ( 5 . 8 0 ) .  M ea s u rem en t s  w i t h  t h e  l o w e s t  v a r i a t i o n  f o r  m a l e s  were  
c o n d y l e  b r e a d t h ,  c o n d y l o b a s a l  l e n g t h ,  m a x i l l a r y  t o o t h  row l e n g t h ,  
r o s t r a l  b r e a d t h  a t  u p p e r  p r e m o l a r ;  f o r  f e m a l e s ,  m e a s u r e m e n t s  o f  low 
v a r i a b i l i t y  i n c l u d e d  c o n d y l e  b r e a d t h ,  c o n d y l o b a s a l  l e n g t h ,  z y g o m a t i c
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
T a b l e  3 . — I n d i v i d u a l  v a r i a t i o n o f  s i z e  c h a r a c t e r s i n  m a l e s  and
f e m a l e s  o f  F e l i s r u f u s . •
Mean c o e f f i c i e n t s  o f  v a r i a t i o n
C h a r a c t e r M ale F em ale T o t a l
GSL 4 . 4 0 4 . 2 9 4 . 3 6
CBL 3 . 8 8 4 . 0 1 3 . 9 3
PL 4 . 5 9 4 . 6 5 4 . 6 1
NL 6 . 2 8 6 . 6 2 6 . 3 8
PPL 4 . 6 1 4 . 5 6 4 . 6 0
MB 4 . 4 1 4 . 0 9 4 . 3 1
ZB 4 . 5 4 4 . 0 5 4 . 3 9
POP 5 . 2 2 4 . 6 7 5 . 0 4
POB 4 . 6 8 4 . 3 2 4 . 5 6
lOB 7 , 2 6 6 . 5 8 7 . 0 5
MTR 4 . 1 2 4 . 2 4 4 . 1 6
RBC 5 . 5 4 5 . 3 7 5 . 4 9
RBP 4 . 1 9 4 . 2 3 4 . 2 1
CB 3 . 8 2 4 . 0 0 3 . 8 8
CH 6 . 4 3 6 . 3 8 6 . 4 2
I>J 6 . 3 7 6 . 2 6 6 . 3 4
MRL 4 . 8 2 4 . 0 5 4 . 5 8
DL 1 2 . 9 8 1 4 .9 1 1 3 . 6 0
LJ 4 . 4 6 4 . 4 2 4 . 4 5
TJ 6 . 7 0 6 . 8 4 6 . 7 4
UCW 7 . 7 5 8 . 0 7 7 . 8 6
ÜCL 6 . 8 7 6 .9 1 6 . 8 9
UP3W 6 . 7 8 6 . 0 9 6 . 5 6
UP3L 5 . 5 9 5 . 2 9 5 . 5 0
ÜP4L 4 . 6 2 4 . 6 8 4 . 6 4
UP4W 7 . 6 7 7 . 1 8 7 . 5 2
UP4P 5 . 5 9 5 . 2 8 5 . 4 9
UP4M 5 . 9 7 6 . 4 7 6 . 1 4
LMW 5 . 6 5 5 . 4 0 5 . 5 7
LML 5 . 7 6 5 . 1 9 5 . 5 8
LMTL 6 . 7 5 6 . 2 8 6 . 6 0
LMPL 6 . 7 9 6 . 0 8 6 . 5 7
LP4P 6 . 9 9 5 . 9 5 6 . 6 7
LP4L 5 . 2 5 5 . 0 9 5 . 2 0
LP4W 5 . 8 3 5 . 3 0 5 . 6 6
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b r e a d t h ,  and  m o l a r  row l e n g t h .  The f o u r  m os t  v a r i a b l e  c h a r a c t e r s  f o r  
m a l e s  were  d i a s t e m a  l e n g t h ,  f o u r t h  u p p e r  p r e m o l a r  w i d t h , u p p e r  c a n i n e  
w i d t h ,  and  i n t e r o r b i t a l  b r e a d t h ;  f o r  f e m a l e s ,  c h a r a c t e r s  w i t h  t h e  
g r e a t e s t  v a r i a b i l i t y  w ere  d i a s t e m a  l e n g t h ,  u p p e r  c a n i n e  w i d t h ,  f o u r t h  
u p p e r  p r e m o l a r  w i d t h ,  and  u p p e r  c a n i n e  l e n g t h .
R e l a t i v e  V a r i a b i l i t y
The l e v e l  o f  v a r i a b i l i t y  o f  n a t u r a l  b o b c a t  p o p u l a t i o n s  i s  f o r  t h e  
m os t  p a r t  d e t e r m i n e d  by t h e i r  g e n e t i c  c o n s t i t u t i o n s .  However ,  
e n v i r o n m e n t s  c a n  i n f l u e n c e  t h e  m anner  i n  w h ic h  p h e n o t y p e s  a r e  e x p r e s s e d .  
T h u s ,  v a r i a t i o n  i n  a  p o p u l a t i o n  i s  a p r o d u c t  o f  t h e  i n t e r a c t i o n  o f  b o t h  
g e n e s  and  e n v i r o n m e n t .  I f  one  i s  c o n c e r n e d  w i t h  m o r p h o l o g i c a l  
v a r i a t i o n ,  t h e n  i t  w ould  be  n e c e s s a r y  t o  d e t e r m i n e  t h e  r e l a t i v e  
c o n t r i b u t i o n s  f ro m  g e n e t i c  a n d  e n v i r o n m e n t a l  s o u r c e s .  T h i s  s e c t i o n  
e x a m i n e s  a s p e c t s  o f  v a r i a t i o n  w i t h i n  and  b e tw ee n  p o p u l a t i o n s  a s  
e s t i m a t e d  by s a m p le s  o f  m o r p h o l o g i c  c h a r a c t e r s ,  and  a t t e m p t s  t o  
d e t e r m i n e  i f  l e v e l s  o f  v a r i a t i o n  among l o c a l i t i e s  a r e  r e l a t e d  t o  l e v e l s  
o f  v a r i a t i o n  b e tw ee n  i n d i v i d u a l s  ( w i t h i n  l o c a l i t y ) .
The i m p o r t a n t  q u e s t i o n  o f  how s u b s p e c i e s  o f  b o b c a t s ,  o r  o t h e r  
c a r n i v o r e  s p e c i e s ,  d i f f e r  i n  t h e i r  m a g n i t u d e  o f  i n h e r e n t  o r  r e l a t i v e  
v a r i a b i l i t y  ( c h a r a c t e r  v a r i a t i o n )  h a s  n e v e r  b e e n  f u l l y  a d d r e s s e d .  The 
e x i s t i n g  d a t a  o f  t h i s  n a t u r e  a r e  l i m i t e d  i n  s c o p e  and  v a r i e t y ,  e x c e p t  
f o r  one  g e n e r a l  c o m p a r a t i v e  s y n t h e s i s  a v a i l a b l e  f o r  mammals ( Y a b l o k o v ,
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1 9 7 4 ) .  I n  t h e  f o l l o w i n g  s e c t i o n s ,  I  compare  r e l a t i v e  v a r i a b i l i t y  among 
35 s i z e  c h a r a c t e r s  ( 1 )  w i t h i n  e a c h  s e x  o f  e a c h  s u b s p e c i e s ;  ( 2 )  b e tw e e n  
t h e  s e x e s  o f  e a c h  s u b s p e c i e s ,  and  ( 3 )  b e tw ee n  t h e  two s u b s p e c i e s .
I n t r a l o c a l i t y  V a r i a b i l i t y
To a p p r o a c h  t h e  p r o b le m  o f  d e s c r i b i n g  i n t r a l o c a l i t y  v a r i a t i o n  
( b e t w e e n  i n d i v i d u a l s ) ,  I  c a l c u l a t e d  CV"s f o r  e a c h  c h a r a c t e r  i n  e a c h  
s am p le  l o c a l i t y  f o r  e a c h  s e x .  Mean CV's w ere  t h e n  com puted  f o r  e a c h  
c h a r a c t e r  f o r  e a c h  s e x  ( T a b l e  4 ) .  Mean CV's w e re  a l s o  u s e d  t o  com pute  
g r o u p  means  f o r  f o u r  s u b s e t s  o f  c h a r a c t e r s ,  d e c r i b i n g  t h e  m a j o r  
a n a t o m i c a l  r e g i o n s  o f  t h e  s k u l l .
V a r i a b i l i t y  among c h a r a c t e r s .  Of t h e  14 c r a n i a l  c h a r a c t e r s ,  w i d t h  
m e a s u r e m e n t s  were  more v a r i a b l e  t h a n  l e n g t h  m e a s u r e m e n t s  f o r  b o t h  s e x e s  
i n  b o t h  s u b s p e c i e s .  The m os t  v a r i a b l e  c r a n i a l  c h a r a c t e r  was 
i n t e r o r b i t a l  b r e a d t h ,  e x c e p t  f o r  t h e  p a l l e s c e n s  f e m a l e s  w here  i t  was 
n a s a l  l e n g t h .  No p a r t i c u l a r  m e as u re m e n t  c o n s i s t e n t l y  s t o o d  o u t  a s  l e a s t  
v a r i a b l e .  C r a n i a l  m e a s u r e m e n t s  o f  p a l l e s c e n s  (CV = 4 , 5 8 )  were  more 
v a r i a b l e  t h a n  f a s c i a t u s  (CV = 3 . 4 9 ) .  D e n t a l  d i m e n s i o n s  were  o f  
i n t e r m e d i a t e  v a r i a b i l i t y  b e tw e e n  CV's  e x h i b i t e d  by t h e  c r a n i a l  and  
m a n d i b u l a r  m e a s u r e m e n t s  i n  b o t h  s e x e s  f o r  b o t h  s u b s p e c i e s .  Lower t e e t h  
w ere  s l i g h t l y  l e s s  v a r i a b l e  t h a n  u p p e r  t e e t h .  T o o t h  w i d t h  m e a s u r e m e n t s  
w e re  s l i g h t l y  more  v a r i a b l e  t h a n  t o o t h  l e n g t h .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
T a b l e  4 . — I n t r a p o p u l a t i o n  v a r i a t i o n  o f  s i z e  c h a r a c t e r s  i n  two 
s u b s p e c i e s  o f  F e l i s  r u f u s .
F .  r .
C h a r a c t e r Sex F a s c i a t u s P a l l e s c e n s F - r a t i o
GSL M 3 .0 1 4 4 . 3 7 1 1 .3 0 *
GSL F 1 .7 6 6 3 .9 9 9 1 .9 6 *
CBL M 3 . 0 6 8 3 .8 1 5 1 .1 7
CBL F 1 .9 0 1 3 . 4 4 7 1 . 6 7 *
PL M 3 .6 4 6 4 . 4 9 0 1 . 1 5
PL F 2 . 1 6 2 4 . 6 7 6 1 .8 0 *
NL M 5 . 8 4 9 5 . 7 6 6 1 .0 1
NL F 4 . 6 0 6 6 . 1 2 7 1 .1 8
PPL M 3 . 3 8 3 4 . 5 6 6 1 .2 2
PPL F 2 . 8 5 2 3 .6 6 7 1 .2 1
MB M 2 . 9 3 2 4 . 1 2 8 1 . 2 8
MB F 2 . 5 8 6 3 . 5 6 0 1 . 2 8
ZB M 3 . 3 1 6 4 . 5 4 4 1 . 2 4
ZB F 2 . 2 8 7 3 .6 0 8 1 . 4 4 *
POP M 4 . 4 1 1 4 . 9 2 8 1 . 0 7
POP F 3 . 9 2 0 4 . 2 7 6 1 . 0 6
POB M 4 . 5 7 6 4 . 3 9 8 1 . 0 3
POB F 3 . 6 7 3 3 . 6 9 6 1 . 0 0
lOB M 6 . 6 5 2 7 .0 2 1 1 . 0 3
lOB F 4 . 7 2 7 5 . 5 7 6 1 . 1 0
MTR M 3 . 5 4 3 4 . 0 7 7 1 . 1 0
MTR F 2 . 2 3 6 3 . 9 4 2 1 . 5 7 *
RBC M 4 .4 3 7 5 . 2 4 3 1 .1 1
RBC F 3 . 1 5 9 5 . 1 9 5 1 .3 9 *
RBP M 3 . 2 3 6 3 . 9 2 3 1 . 1 5
RBP F 3 . 5 8 8 4 . 1 5 3 1 . 1 0
CB M 3 . 4 7 3 3 . 7 5 2 1 . 0 6
CB F 2 . 5 5 9 3 . 3 2 6 1 . 2 3
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Table 4.— (cone., p. 2)
C h a r a c t e r  Sex  F .  r .
F a s c i a t u s  P a l l e s c e n s  F - r a t i o
CH M 4 . 9 8 2  6 . 3 6 0  1 .1 5
CH F 4 . 0 4 2  5 . 3 3 9  1 .1 9
DJ M 4 . 9 8 7  6 . 5 0 9  1 . 1 6
DJ F 4 . 7 1 9  5 . 4 7 8  1 .0 9
MRL M 4 . 4 0 8  4 . 3 5 4  1 .0 1
MRL F 3 . 0 3 8  3 . 8 0 6  1 .1 8
DL M 1 2 .0 5 9  1 1 .7 3 8  1 .0 1
DL F 1 3 . 0 1 8  1 1 .4 3 3  1 .0 5
LJ M 3 . 3 9 3  4 . 2 9 7  1 .1 7
LJ  F 2 . 4 8 2  3 , 8 2 9  1 . 4 0 *
TJ M 5 . 1 8 8  6 . 3 8 3  1 . 1 2
TJ  F 4 . 4 1 9  6 . 2 5 8  1 . 2 2
UCW M 6 . 2 2 3  6 . 9 0 2  1 .0 5
UCW F 4 . 3 1 0  6 . 7 0 3  1 . 2 9 *
UCL M 5 . 7 6 1  6 . 3 5 9  1 . 0 5
UCL F 5 . 0 3 6  5 . 8 6 4  1 . 0 9
UP3W M 6 . 1 5 4  6 . 5 5 8  1 . 0 3
UP3W F 5 . 4 4 5  5 . 2 2 9  1 . 0 2
UP3L M 4 . 7 6 5  5 . 1 6 6  1 . 0 5
UP3L F 4 . 6 7 4  4 . 9 5 2  1 .0 4
UP4L M 4 . 5 6 3  4 . 5 0 4  1 . 0 1
UP4L F 3 . 3 8 5  4 . 6 2 7  1 . 2 3
UP4W M 6 . 6 7 7  6 . 9 9 4  1 . 0 2
UP4W F 5 . 6 7 2  6 . 2 8 8  1 . 0 6
UP4P M 4 . 9 0 5  5 . 8 6 8  1 .1 1
UP4P F 4 . 7 3 6  5 . 4 3 4  1 .0 8
UP4M M 6 . 0 8 5  5 . 7 6 0  1 . 0 3
UP4M F 5 . 7 4 1  6 . 5 8 0  1 . 0 8
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Table 4.— (cont., p. 3)
F . r .
C h a r a c t e r Sex F a s c i a t u s P a l l e s c e n s F - r a t i o
LMW M 5 . 4 3 5 4 . 9 6 6 1 .0 5
LMW F 4 . 8 2 9 4 . 7 9 0 1 . 0 0
LML M 5 . 2 4 4 5 . 5 0 6 1 .0 3
LML F 4 . 4 5 4 4 . 8 9 6 1 .0 6
LMTL M 5 . 9 0 4 6 .2 9 4 1 .0 3
LMTL F 4 . 6 9 7 6 .5 6 4 1 .2 1
LMPL M 5 . 6 8 6 6 . 3 4 6 1 .0 6
LMPL F 6 .0 8 4 5 . 3 8 3 1 .0 7
LP4P M 7 .2 0 2 6 . 6 5 3 1 .0 4
LP4P F 5 . 9 7 5 5 . 2 7 4 1 .0 7
LP4L M 5 . 0 7 6 4 . 9 5 0 1 .0 1
LP4L F 3 . 9 9 8 4 . 5 2 2 1 .0 8
LP4W M 5 . 9 6 9 5 . 1 4 2 1 .0 9
LP4W F 4 . 4 9 1 4 . 8 4 8 1 .0 5
E i g h t  s a m p l e  l o c a l i t y  means 
b o t h  s e x e s .
u s e d  i n  t h e c a l c u l a t i o n  o f  mean CV f o r
1
E i g h t e e n  s am p le  l o c a l i t y  means  u s e d  i n  i 
m a l e s  a n d  14 s a m p l e  l o c a l i t y  m eans  u s e d
t h e
f o r
c a l c u l a t i o n  o f  mean 
f e m a l e s .
CV f o r
3
F - r a t i o ,  JF. £ .̂ f a s c i a t u s  : F .  _r. p a l l e s c e n s . F c a l c u l a t e d  a c c o r d i n g  t o  
e q u a t i o n  o f  W r i g h t  ( 1 9 5 2 ) ;  a l s o  s e e  B a d e r  and  Lehmann (1 9 6 5 )  and  
L e w o n t i n  ( 1 9 6 6 ) .
*
I n d i c a t e s  s i g n i f i c a n t  d i f f e r e n c e  i n  v a r i a b i l i t y  b e t w e e n  s u b s p e c i e s  
(p  ^ 0 . 0 5 ) , F ^ ^ . ^  = 1 . 2 7 .
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V a r i a b i l i t y  o f  t h e  s e x e s . Each p a i r  (m a le  and  f e m a l e )  o f  s a m p l e s  
w i t h i n  t h e  two s u b s p e c i e s  w ere  com pared  f o r  a l l  m e a s u r e m e n t s  t o  
d e t e r m i n e  i f  one s e x  was more  v a r i a b l e  t h a n  t h e  o t h e r .  Of 70 
c o m p a r i s o n s  (2  s u b s p e c i e s  by 35 c h a r a c t e r s )  c o m p l e t e d ,  m a le s  w ere  
s i g n i f i c a n t l y  more  v a r i a b l e  t h a n  f e m a l e s  i n  61 c o m p a r i s o n s  (W i lc o x o n  
M a t c h e d - P a i r s  S i g n e d  Ranks  T e s t :  p < 0 . 0 0 1 ) .  W i t h i n  t h e  two i n d i v i d u a l
s u b s p e c i e s ,  m a le s  d i f f e r e d  c o n s i d e r a b l y  f ro m  f e m a l e s  when a l l  c h a r a c t e r s  
were  c o n s i d e r e d  s i m u l t a n e o u s l y  ( T a b l e  4 ) .  Both  f a s c i a t u s  and p a l l e s c e n s  
m a l e s  w ere  more v a r i a b l e  t h a n  a s s o c i a t e d  f e m a l e s  ( W i lc o x o n  T e s t ,  p < 
0 .001).
A l l  p o s s i b l e  c o m p a r i s o n s  o f  v a r i a b i l i t y  among t h e  f o u r  g r o u p s  (2  
s u b s p e c i e s  by 2 s e x e s )  were  e v a l u a t e d .  The o n l y  i n c i d e n c e  w here  
v a r i a b i l i t y  was s i m i l a r  was t h a t  b e tw ee n  f a s c i a t u s  m a l e s  and  p a l l e s c e n s  
f e m a l e s  (W i lcoxon  T e s t ,  p > 0 . 6 1 2 ) .  When t h e  35 c h a r a c t e r s  w ere  
com pared  i n d i v i d u a l l y ,  f a s c i a t u s  m a l e s  were  s l i g h t l y  more v a r i a b l e  t h a n  
f e m a l e s  i n  a l l  c h a r a c t e r s  e x c e p t  d i a s t e m a  l e n g t h ,  r o s t r a l  b r e a d t h  a t  t h e  
p r e m o l a r  and  lo w er  m o l a r  p r o t o c o n i d  l e n g t h .  P a l l e s c e n s  f e m a l e s  
e x h i b i t e d  g r e a t e r  v a r i a t i o n  t h a n  m a l e s  i n  p a l a t a l  l e n g t h ,  n a s a l  l e n g t h ,  
r o s t r a l  b r e a d t h  a t  p r e m o l a r ,  and  t h r e e  o t h e r  d e n t a l  c h a r a c t e r s .  R o s t r a l  
b r e a d t h  a t  t h e  p r e m o l a r  was t h e  o n l y  c h a r a c t e r  i n  w h ic h  f e m a l e s  o f  b o t h  
s u b s p e c i e s  were  l a r g e r  t h a n  m a l e s .
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I f  t h e  f o u r  g r o u p s  (2  s u b s p e c i e s  by 2 s e x e s )  a r e  e s s e n t i a l l y  f rom  
t h e  same p o p u l a t i o n ,  t h e n  one  g r o u p  s h o u l d  n o t  be  c o n s i s t e n t l y  more 
v a r i a b l e  t h a n  a n o t h e r .  A F r i e d m a n  two-way AMOVA, a n o n p a r a m e t r i c  
p r o c e d u r e ,  c an  t e s t  w h e t h e r  t h e r e  e x i s t s  any  r e l a t i o n a l  p a t t e r n  among 
t h e  g r o u p s  by e v a l u a t i n g  t h e  n u l l  h y p o t h e s i s  o f  no s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  t h e  g r o u p s .  The t e s t  s t a t i s t i c  h a s  a  c h i - s q u a r e  
d i s t r i b u t i o n  s u ch  t h a t  a l a r g e  v a l u e  w i l l  i n d i c a t e  t h a t  a t  l e a s t  one  o f
t h e  g r o u p s  was d i f f e r e n t  f rom  t h e  r e m a i n i n g  t h r e e .  C o e f f i c i e n t s  o f
v a r i a t i o n  f o r  e a c h  c h a r a c t e r  f o r  t h e  f o u r  t a x a  w e re  g i v e n  r a n k s  s u c h
t h a t  t h e  l o w e s t  o f  t h e  f o u r  CV's  f o r  e a c h  c h a r a c t e r  was a s s i g n e d  one
u n i t  w h i l e  t h e  h i g h e s t  a c c r u e d  f o u r  u n i t s  t o  t h e  r e s p e c t i v e  t a x o n  ( e . g .  
f a s c i a t u s  m a l e s ) .  The s c o r e s  f o r  e a c h  t a x o n  w ere  summed by a d d i n g  t h e  
35 r a n k - o r d e r  s c o r e s .  A low t o t a l  i m p l i e s  low v a r i a t i o n  and  a  h i g h  
t o t a l  i m p l i e s  h i g h  v a r i a t i o n .  R e s u l t s  o f  t h i s  t e s t  showed t h a t  
f a s c i a t u s  f e m a l e s  were  s i g n i f i c a n t l y  t h e  l e a s t  v a r i a b l e  ( 4 4 . 0 )  and  
p a l l e s c e n s  m a l e s  w e re  t h e  m os t  v a r i a b l e  ( 1 2 3 . 0 ) .  R a n k - o r d e r  t o t a l s  
c a l c u l a t e d  f o r  p a l l e s c e n s  f e m a l e s  and  f a s c i a t u s  m a l e s  w ere  9 2 . 0  and  
9 1 . 0 ,  r e s p e c t i v e l y .  T h i s  t e s t  s u b s t a n t i a t e d  s i m i l a r  r e l a t i o n s h i p s  
p r e s e n t e d  a b o v e  ( F r i e d m a n  T e s t ,  C h i - s q u a r e  = 5 4 . 6 ,  3 d . f . ,  p < 0 . 0 0 1 ) .  
Long ( 1 9 6 9 : 2 9 8 )  p o i n t e d  o u t  t h a t  m a l e s  o f  d o m e s t i c  a n i m a l s  e x h i b i t e d  
g r e a t e r  v a r i a t i o n  t h a n  c o n s p e c i f i c  f e m a l e s ,  b u t  s t r e s s e d  t h a t ,  
p r e s e n t l y ,  no s c i e n t i f i c  b a s i s  e x i s t s  t o  e x p l a i n  t h i s  phenomenon .
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V a r i a b i l i t y  b e tw e e n  s u b s p e c i e s . A p a i r - b y - p a i r  c o m p a r i s o n  o f  e a c h  
s u b s p e c i e s ,  one  c h a r a c t e r  a t  a  t i m e ,  t h r o u g h  t h e  c a l c u l a t i o n  o f  F - r a t i o s  
( T a b l e  4 ) ,  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  some c h a r a c t e r s .
How ever ,  t h e  W i lco x o n  H a t c h e d - P a i r s  S i g n e d - R a n k s  T e s t  ( D a n i e l ,  1978)  
o f f e r s  a n  e v a l u a t i o n  o f  p o s s i b l e  d i f f e r e n c e s  b e tw e e n  s u b s p e c i e s  by 
c o n s i d e r i n g  a l l  c h a r a c t e r s  s i m u l t a n e o u s l y .  S i n c e  I  h a d  no r e a s o n  t o  
e x p e c t  â  p r i o r i  t h a t  one s u b s p e c i e s  s h o u l d  show g r e a t e r  o r  l e s s e r  
v a r i a b i l i t y  t h a n  t h e  o t h e r ,  t h e  t e s t s  w e re  p e r f o r m e d  i n  t w o - t a i l e d  
f o r m a t .  R e s u l t s  d e m o n s t r a t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d e g r e e  o f  
r e l a t i v e  i n t r a l o c a l i t y  v a r i a b i l i t y .  r_^ p a l l e s c e n s  was more v a r i a b l e  
t h a n  F_j_ r_j_ f a s c i a t u s  (p  < 0 . 0 0 1 ) .
I n t e r  l o c a l i t y  V a r i a b i l i t y
T o t a l  e x p r e s s e d  o r  r e a l i z e d  v a r i a b i l i t y  may be  a s s e s s e d  by a n a l y s e s  
o f  t h e  t o t a l  span  o f  v a r i a t i o n  shown by c h a r a c t e r  means ( T a b l e  5 ) .  I f  a 
s e t  o f  s a m p l e s  h a s  b e e n  t a k e n  f r o m  t h e  e n v i r o n m e n t a l  o r  g e o g r a p h i c  r a n g e  
o f  t h e  s u b s p e c i e s ,  t h e n  t h e  r a n g e  o f  d i v e r g e n c e  (Ymd* Ÿmin) s h o u l d  
t h e o r e t i c a l l y  r e f l e c t  t h e  o v e r a l l  p h e n e t i c  v a r i a t i o n  and  d i f f e r e n t i a t i o n  
b e tw e e n  s a m p le  l o c a l i t i e s  o f  a  s u b s p e c i e s  ( J o h n s t o n  and S e l a n d e r ,
1 971 :  2 5 - 2 6 ) .


























C h a r a c t e r Sex
F .  r . f a s c i a t u s F. r . p a l l e s c e n s T o t a l
Range i n  
means^ 
(mm)
R e l a t i v e
v a r i a b i l i t y ?
(%)
Range i n  
means 
(mm)
R e l a t i v e  
v a r i a b i l i t y  
(% )
Range i n  
means 
(mm)
R e l a t i v e
v a r i a b i l i t y
(%)
GSL M 4 .6 1 3 .6 0 9 .5 9 7 .21 9 .5 9 7 .21
GSL F 5 .8 8 4 .8 2 10.26 7 .9 7 12.71 9 .8 7
CBL M 5 .1 6 4 .3 6 7 .6 6 6 .3 6 7 .66 6 .3 6
CBL F 6 .2 1 5 .5 2 8 .8 5 7 .5 3 11.21 9 .5 3
PL M 2 .0 6 4 .0 6 3 .9 6 7 .59 3 .9 6 7 .5 9
PL F 3 .1 5 6 .4 8 3 .87 7 .7 5 4 .4 7 8 .9 5
NL M 2 .7 8 7 .9 4 3 .3 4 9 .3 6 3 .45 9 .6 7
NL F 2 .8 6 8 .6 1 4 .8 5 13 .88 4 .8 5 13.88
PPL M 4 .0 9 6 .8 9 4 .4 7 7 .38 4 .9 2 8 .1 8
PPL F 3 .7 9 6 .79 5 .2 1 8 .8 9 6 .5 7 11.22
MB M 3 .0 7 5 .3 0 4 .5 1 7 .58 4 .5 6 7 .6 7
MB F 3 .1 3 5 .71 4 .3 6 7 .55 6 .0 5 10.47
ZB M 6 .2 8 6 .7 5 8 .1 3 8 .5 8 8 .1 3 8 .5 8
ZB F 6 .7 4 7 .6 0 7 .5 8 8 .3 3 9 .0 9 9 .9 9
POP M 4 .8 9 7 .6 3 5 .7 6 8 .8 4 5 .9 2 9 .0 9
POP F 6 .0 8 9 .7 6 3 .75 6 .0 9 6 .0 8 9 .7 6
POB M 2 .1 9 5 .3 8 2 .1 5 5 .2 9 2 .2 0 5 .4 1
POB F 1.85 4 .5 4 3 . 4 0 8 .1 2 3 .4 0 8 .1 2
lOB M 2 .8 5 10,39 3 .25 11.80 3 .2 5 11 .8 0
lOB F 3 .3 3 12.91 3 .1 2 11 .64 4 . 3 3 16 .16
MTR M 1.29 3 ,3 8 2 .87 7 .4 0 2 .8 7 7 .4 0
MTR F 1 .9 6 5 .3 4 2 .7 4 7 .21 3 .3 1 8 .7 1
RBC M 2 .5 5 7 .1 6 2 .3 8 6 .9 6 3 .8 3 10.75
RBC F 3 .6 5 10.81 2 .8 4 8 .5 9 3 .6 5 10 .81
RBP M 2 .5 8 6 .2 3 2 .9 4 7 .3 3 4 .2 5 10.27
RBP F 2 .3 9 6 .1 4 2 .5 7 6 .5 9 3 .0 7 7 .8 9
CB M 0 .9 0 2 .9 4 2 .2 7 7 .2 1 2 .2 7 7 .2 1
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C h a r a c t e r Sex
F. r . f a s c i a t u s F.  r . p a l l e s c e n s T o t a l
Range i n  
means^ 
(mm)
R e l a t i v e
v a r i a b i l i t y ^
(%)
Range i n  
means 
(mm)
R e l a t i v e
v a r i a b i l i t y
(%)
Range i n  
means 
(mm)
R e l a t i v e
v a r i a b i l i t y
(%)
M 0 .3 8 7 .0 2 0 .5 7 10.65 0 . 6 3 11.65
LMW F 0 .5 8 11 .03 0 .5 2 10 .24 0 . 7 0 13.31
LML M 0 .1 6 1 .35 0 .8 6 7 .3 3 0 .9 4 7 .96
LML F 0 .5 4 4 .7 5 1 .10 9 .7 9 1.22 10.74
LMTL M 0 .7 4 8 .5 0 1 .18 13.47 1 .1 8 13.47
LMTL F 0 .8 9 10.51 0 .9 1 10 .42 1.15 13.17
LMPL M 0 .3 1 5 .4 8 0 .6 3 10.94 0 .6 3 10.94
LMPL F 0 .2 8 5 .1 1 0 .6 3 10.96 0 . 6 3 10 .96
LP4P M 0 . 2 0 4 .1 7 0 .47 9 .5 5 0 .4 7 9 .5 5
LP4P F 0 . 3 3 6 .9 2 0 .4 4 9 .1 7 0 .4 4 9 .1 7
LP4L M 0 .3 4 3 .4 7 0 .9 5 9 .7 6 1 .0 3 10.50
LP4L F 0 . 5 3 5 .5 4 0 .8 0 8 .31 0 . 8 0 8 .31
LP4W M 0 .3 3 6 .5 7 0 .3 6 7 .5 2 0 .5 9 11 .75


















1Maximum mean c h a r a c t e r  s t a t e  minus  t h e  minimum mean c h a r a c t e r  s t a t e  .
f o r  f a s c i a t u s  and 18 l o c a l i t y  means f o r  p a l l e s c e n s  were  u sed  f o r  c o m p a r i so n s .
E i g h t  l o c a l i t y  means
■Range i n  means d i v i d e d  by t h e  maximum mean c h a r a c t e r  s t a t e  o f  e ac h  c h a r a c t e r ,  
e x p r e s s e d  a s  a  p e r c e n t a g e .




V a r i a b i l i t y  among c h a r a c t e r s . Ko c o n s p i c u o u s l y  d i f f e r e n t  p a t t e r n s  
o f  v a r i a b i l i t y  em erg ed  f ro m  t h e  a n a l y s e s  o f  i n t e r l o c a l i t y  v a r i a b i l i t y  o f  
t h e  35 s i z e  c h a r a c t e r s  ( T a b l e  5)  . M a n d i b u l a r  d i m e n s i o n s  p o s s e s s e d  t h e  
g r e a t e s t  r e l a t i v e  v a r i a b i l i t y  b e tw e e n  s am p le  l o c a l i t i e s ,  and  c r a n i a l  
d i m e n s i o n s  e x h i b i t e d  t h e  l e a s t  v a r i a b i l i t y .  D e n t a l  m e a s u r e m e n t s  showed 
m o d e r a t e l y  h i g h  v a r i a b i l i t y ,  w i t h  t h e  u p p e r  d e n t i t i o n  more  v a r i a b l e  t h a n  
t h e  l o w e r .
V a r i a b i l i t y  o f  t h e  s e x e s . W i t h i n  ^  f a s c i a t u s . f e m a l e s  showed 
s i g n i f i c a n t l y  g r e a t e r  v a r i a t i o n  t h a n  m a l e s  when a l l  c h a r a c t e r s  w ere  
c o n s i d e r e d  s i m u l t a n e o u s l y  (W i lc o x o n  M a t c h e d - P a i r s  S i g n e d  Ranks T e s t ,  p < 
0 . 0 0 1 ) .  H ow ever ,  p a l l e s c e n s  m a l e s  and  f e m a l e s  showed no s i g n i f i c a n t  
d i f f e r e n c e s  i n  v a r i a b i l i t y  (p  = 0 . 5 6 8 ) .  F a s c i a t u s  f e m a l e s  seem to  h a v e  
d i f f e r e n t i a t e d  t o  a  g r e a t e r  d e g r e e  t h a n  m a l e s .
Comparât  i v e  v a r i a b i l i t y  o f  s u b s p e c i e s . F . r . p a l l e s c e n s  was 
s i g n i f i c a n t l y  more v a r i a b l e  t h a n  F ^  ^  f a s c i a t u s  (p  < 0 . 0 0 1 ) .  T r e n d s  i n  
r e l a t i v e  i n t e r  l o c a l i t y  v a r i a b i l i t y  w ere  c o n s i s t e n t  w i t h  t h o s e  r e p o r t e d  
i n  r e l a t i v e  i n t r a l o c a l i t y  v a r i a b i l i t y :  Fj^ ^  p a l l e s c e n s  e x h i b i t e d
g r e a t e r  v a r i a t i o n ,  b o t h  among s am p le  l o c a l i t i e s  and  w i t h i n  s am p le  
l o c a l i t i e s .
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T a b l e  6 su m m a r iz e s  a b s o l u t e  d i f f e r e n c e s  i n  i n t e r l o c a l i t y  
v a r i a b i l i t y  by c o n s i d e r i n g  o n l y  t h e  r a n g e  o f  c h a r a c t e r - s t a t e  v a l u e s  
r e c o r d e d  f o r  e a c h  c h a r a c t e r  ( T a b l e  5)  f o r  n o r t h w e s t e r n  b o b c a t s .  C o a s t a l  
a r e a  f e m a l e s  m a tc h e d  o r  e x c e e d e d  i n  r a n g e  t h e  i n l a n d  f e m a l e s  f o r  s e v e n  
c h a r a c t e r s ,  w h i l e  c o a s t a l  m a le s  show an ev en  lo w e r  d e g r e e  o f  c h a r a c t e r  
d i f f e r e n t i a t i o n .  F o r  n o r t h w e s t e r n  b o b c a t s  a s  a  t o t a l  p o p u l a t i o n  ( T a b l e  
5 ) ,  m a l e s  e x c e e d e d  o r  m a tc h e d  t h e  r a n g e  o f  i n d i v i d u a l  c h a r a c t e r - s t a t e  
means  i n  15 c h a r a c t e r s .  A l l  15 m e a s u r e m e n t s  a r e  f u n c t i o n a l l y  a s s o c i a t e d  
w i t h  t h e  f e e d i n g / c h e w i n g  a p p a r a t u s .
R e l a t i v e  v a r i a b i l i t y  i s  su m m ar ized  i n  T a b l e  7 .  W i t h i n  b o t h  
s u b s p e c i e s ,  m a le  d i m e n s i o n s  a s s o c i a t e d  w i t h  t h e  f o u r  s k u l l  r e g i o n s  were  
g e n e r a l l y  more v a r i a b l e  t h a n  t h o s e  o f  t h e  f e m a l e s .  F . r . p a l l e s c e n s  had  
a g r e a t e r  d e g r e e  o f  w i t h i n - s u b s p e c i e s  v a r i a b i l i t y  t h a n  F_  ̂ T j ^  f a s c i a t u s . 
The l e v e l  o f  r e l a t i v e  v a r i a b i l i t y  w i t h i n  t h e  g e o g r a p h i c  r a n g e  o f  
p a l l e s c e n s  f e m a l e s  was g r e a t e r  t h a n  t h a t  w i t h i n  t h e  r a n g e  o f  f a s c i a t u s  
f e m a l e s .
K l u g e - K e r f o o t  E f f e c t
The  D a r w i n i a n  t h e s i s  a s s u m e s  t h a t  e v o l u t i o n  i n i t i a l l y  o c c u r s  
t h r o u g h  s e l e c t i v e  r e a s s o r t m e n t  o f  v a r i a t i o n  b e tw e e n  i n d i v i d u a l s  i n  a  
p o p u l a t i o n  t o  p r o d u c e  v a r i a t i o n  b e tw e e n  p o p u l a t i o n s  ( J o h n s t o n ,  1 9 7 6 : 6 ) .  
C u r r e n t  g e n e t i c s  t h e o r i e s  s u p p o r t  t h e  i d e a  t h a t  r e c o m b i n a t i o n  and 
s e l e c t i o n  c a n  c a u s e  t h i s  " s e c o n d - o r d e r  v a r i a t i o n "  ( i n t e r l o c a l i t y  
v a r i a t i o n ) .  I f  i n t r a l o c a l i t y  v a r i a b i l i t y  o c c u r s  f i r s t ,  some v e s t i g e  o f
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T a b l e  
c h a r a c t e r s  o f
6 . — Summary o f  
b o b c a t s .
i n t e r l o c a l i t y  v a r i a b i l i t y i n  c r a n i a l
Sex C h a r a c t e r
Range  e x c e s s  
(mm)
M ale s POB 0 . 0 4
RBC 0 . 1 7
TJ 0 . 0 9
UCW 0 . 3 8
UP3W 0 . 1 0
F e m a le s lOB 0 . 2 1
RBC 0 . 8 1
TJ 0 . 2 1
UCW 0 . 1 8
UCL 0 . 4 4
UP4M 0 . 0 5
LMW 0 . 0 6
^ C h a r a c t e r s  i n  t h e  n o r t h w e s t e r n  c o a s t a l  s a m p l e s  h a v i n g  a  p h e n e t i c  mean 
r a n g e  e q u a l l i n g  o r  e x c e e d i n g  t h e  r a n g e  f o r  i n t e r i o r  s a m p l e s .
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T a b l e  7 . — Summary o f  v a r i a b i l i t y  b e t w e e n  s u b s p e c i e s  and  s e x e s .
S u b s p e c i e s Sex C ran iu m M a n d i b l e
U pper
d e n d i t i o n
Lower
d e n d i t i o n T o t a l
FRF M
A. I n t r a p o p u l a t i o n  
4 0
v a r i a t i o n
2 2 8
FRF F 10 6 6 5 27
FRF M 6 3 4 4 17
FRF F 8 3 4 3 18
FRF * 5 3 5 2 15
FRF * 23 9 11 12 55
FRF M
B. I n t e r p o p u l a t i o n  
13 5
v a r i a t i o n
8 6 32
FRF F 1 1 0 1 3
FRF N 11 6 6 6 29
FRF F 3 0 2 1 6
FRF * 2 3 3 6 14
FRF * 26 9 13 8 56
^Numbers r e f e r  t o  t h e  num ber  o f  c h a r a c t e r s  i n  w h i c h  t h e  a s s o c i a t e d  g r o u p
shows g r e a t e r  v a r i a b i l i t y .
*
M a le s  and  f e m a l e s  c o m b in e d .
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t h a t  v a r i a t i o n  s h o u l d  be  r e c o g n i z e d  w i t h i n  i n t e r l o c a l i t y  v a r i a t i o n .
K lu g e  and  K e r f o o t  ( 1 9 7 3 )  d i s c o v e r e d  t h a t  i n t e r  l o c a l i t y  
d i f f e r e n t i a t i o n  was p o s i t i v e l y  c o r r e l a t e d  w i t h  i t s  i n t r a l o c a l i t y  
v a r i a b i l i t y .  T h i s  f i n d i n g  was b a s e d  on  s e v e n  v e r t e b r a t e  s k e l e t a l  d a t a  
s e t s .  J o h n s t o n  ( 1 9 7 6 )  f o u n d  no s i g n i f i c a n t  r e l a t i o n s h i p s  b e tw ee n  
i n t r a l o c a l i t y  c o e f f i c i e n t s  o f  v a r i a t i o n  and  i n t e r l o c a l i t y  v a r i a n c e ,  b u t  
c o n c l u d e d  t h a t  h i s  m e a s u r e  o f  i n t e r l o c a l i t y  v a r i a n c e  was p r o b a b l y  
i n a p p r o p r i a t e  t o  a s s e s s  t h e  " K l u g e - K e r f o o t  p h e n o m en o n ."  S o k a l  ( 1 9 7 6 )  
s u b s t i t u t e d  s t a t i s t i c s  s i m i l a r  t o  CV's  a s  m e a s u r e s  o f  w i t h i n  and  among 
l o c a l i t y  c h a r a c t e r  v a r i a b i l i t y ,  c o n f i r m i n g  t h e  phenomenon ,  th o u g h  
g e n e r a l l y  a t  lo w e r  c o r r e l a t i o n s .  R e s u l t s  v a r i e d  a c c o r d i n g  t o  t h e  m e thod  
o f  a n a l y s i s  and  t h e  s t a t i s t i c a l  d e s c r i p t i o n  o f  i n t e r  l o c a l i t y  v a r i a t i o n .
R e s u l t s  f rom  t h e  p r e s e n t  s t u d y  s u p p o r t  t h e  c l a s s i c a l  D a r w i n i a n  
t h e s i s  a s  p r o p o s e d  a b o v e .  I  f o l l o w e d  S o k a l ' s  a p p l i c a t i o n  o f  s t a t i s t i c s  
a n a l o g o u s  t o  c o e f f i c i e n t s  o f  v a r i a t i o n  and  h i s  s u g g e s t i o n  t o  u s e  
K e n d a l l ' s  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  (k> i n s t e a d  o f  t h e  s t a n d a r d  
c o r r e l a t i o n  c o e f f i c i e n t  (r_) t o  m e a s u r e  t h e  r e l a t i o n s h i p  b e tw e e n  i n t r a -  
and  i n t e r  l o c a l i t y  v a r i a t i o n .  A s t a t i s t i c a l l y  s i g n i f i c a n t  ( 0 . 3 3  < k  < 
0 , 4 5 ,  p < 0 . 0 5 )  K l u g e - K e r f o o t  e f f e c t  was o b s e r v e d  f o r  t h e  f o u r  g r o u p s  (2  
s e x e s  by 2 s u b s p e c i e s ) .  F e m a le s  h a v e  d i f f e r e n t i a t e d  i n  one c h a r a c t e r  
m ore  t h a n  m a l e s  and  showed a  s t r o n g e r  r e l a t i o n s h i p  (k  = 0 , 4 5  f o r  
f a s c i a t u s  f e m a l e s )  b e tw e e n  t h e  two t y p e s  o f  c h a r a c t e r  v a r i a t i o n .  T h i s  
r e l a t i o n s h i p  was f u r t h e r  s u b s t a n t i a t e d  when o n l y  t h o s e  c h a r a c t e r s
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sh o w in g  s i g n i f i c a n t  i n t e r l o c a l i t y  d i f f e r e n t i a t i o n  ( T a b l e  16) were  
a s s e s s e d .  T h u s ,  f e m a l e s  t e n d e d  t o  d i f f e r e n t i a t e  more  among l o c a l i t i e s  
i n  t h o s e  c h a r a c t e r s  w h ich  v a r y  m os t  w i t h i n  l o c a l i t i e s .  I t  w ou ld  seem ,  
t h e n ,  t h a t  t h e  s e x e s  a r e  r e s p o n d i n g  d i f f e r e n t l y  t o  e n v i r o n m e n t a l  
v a r i a t i o n  i n  t h e  n o r t h w e s t e r n  s t a t e s .
S e c o n d a r y  S e x u a l  V a r i a t i o n
B a s i c  s t a t i s t i c s  d e s c r i b i n g  t h e  35 c h a r a c t e r s  f o r  m a le s  and  f e m a l e s  
a r e  g i v e n  i n  T a b l e  8 .  Of t h e  35 c h a r a c t e r s ,  a l l  b u t  o n e ,  p o s t o r b i t a l  
b r e a d t h  (POB),  e x h i b i t e d  s i g n i f i c a n t  (p  < 0 . 0 0 1 )  s e c o n d a r y  s e x u a l  
d im o r p h i s m  i n  s i z e ,  w i t h  m a l e s  b e i n g  l a r g e r  t h a n  f e m a l e s .  A l l  
i n d i v i d u a l  s k u l l  s p e c i m e n s  w ere  e v a l u a t e d  f o r  t h e i r  d i m o r p h i c  p r o p e r t i e s  
a t  t h e  s p e c i e s  l e v e l  ( T a b l e  9 ) .  E x c l u d i n g  POB, m a le  c r a n i a l  c h a r a c t e r s  
w e re  3 t o  6% more d i m o r p h i c ,  w h i l e  m a le  m a n d i b u l a r  c h a r a c t e r s  w e re  4 t o  
9% g r e a t e r .  Male d e n t a l  c h a r a c t e r s  r a n g e d  b e tw e e n  3 t o  7% l a r g e r  t h a n  
f e m a l e s .  The mean p e r c e n t a g e  d i f f e r e n c e  f o r  a l l  c h a r a c t e r s  was  4.6% 
w i t h  a  minimum o f  0.0% f o r  POB and  a  maximum o f  10.7% f o r  d i a s t e m a  
l e n g t h  (D L ) .  G e n e r a l l y ,  l e n g t h  and  w i d t h  d i m e n s i o n s  o f  t h e  s k u l l  
(4 .24% )  showed a  g r e a t e r  d e g r e e  o f  d im o r p h i s m  t h a n  t h e  com bined  d e n t a l  
c h a r a c t e r s  (4 .01% )  w h i l e  t h e  m a n d i b u l a r  m e a s u r e m e n t s  (6 .88% ) e x h i b i t e d  
t h e  g r e a t e s t  s e x u a l  d i f f e r e n c e s .  The l e a s t  d i m o r p h i c  m e a s u r e m e n t s  w e re  
t h o s e  o f  t h e  l o w e r  d e n t i t i o n .
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C h a r a c t e r - s t a t e  means A n a l y s i s o f  v a r i a n c e ^
C h a r a c t e r M a le s F e m a le s p o i i . f . F - r a t i o 5
GSL 12 8 .5 1 1 2 1 . 2 0 5 . 6 9 1 414 1 6 7 .2 9
CBL 1 1 7 .6 3 1 1 1 .5 5 5 . 1 7 1 414 1 6 9 .7 7
PL 5 0 . 1 5 4 7 . 5 0 5 . 2 8 1 412 1 2 6 .9 6
NL 3 4 . 2 3 3 2 . 1 9 5 . 9 6 1 395 8 2 . 1 8
PPL 5 8 . 2 1 5 4 . 8 8 5 . 7 2 1 410 1 5 0 .8 3
MB 5 7 . 0 9 5 4 . 3 6 4 . 7 8 1 412 1 1 9 .8 3
ZB 9 1 . 1 0 8 6 . 1 9 5 . 3 9 1 412 1 4 7 .2 1
POP 6 1 . 8 8 5 9 . 3 1 4 . 1 5 1 390 6 2 . 6 5
POB 3 9 .6 9 3 9 . 6 9 0 . 0 0 1 411 0 . 0 0 *
lOB 2 6 . 2 2 2 4 .6 7 5 . 9 1 1 413 6 9 . 2 9
RBC 3 3 . 6 2 3 1 . 7 8 5 . 4 7 1 413 9 7 . 8 2
RBP 3 9 . 4 9 3 7 .6 1 4 . 7 6 1 412 1 2 3 . 2 3
CB 3 0 . 3 9 3 0 . 0 4 1 .1 5 1 412 6 7 . 2 0
CH 3 8 .7 2 3 5 . 4 2 8 . 5 2 1 412 1 7 5 .3 9
DJ 1 6 .3 6 1 5 .2 3 6 . 9 1 1 413 1 1 6 .9 2
MRL 2 8 . 1 7 2 7 . 1 2 3 . 7 3 1 414 6 3 . 9 0
DL 8 . 5 3 7 . 6 2 1 0 .6 7 1 414 6 1 . 7 5
LJ 8 3 . 8 8 7 9 . 3 3 5 . 4 2 1 413 1 4 5 .5 4
TJ 7 . 4 8 7 . 0 3 6 . 0 2 1 414 7 9 .9 4
UCW 5 . 5 4 5 . 2 2 5 . 7 8 1 402 5 1 . 3 0
UCL 6 , 8 2 6 . 3 9 6 . 3 0 1 402 7 9 .0 1
UP3W 5 . 1 2 4 . 9 1 4 . 1 0 1 414 3 9 . 6 3
UP3L 9 . 7 1 9 . 3 5 3 .7 1 1 413 4 3 . 7 4
UP4L 1 4 .6 6 1 4 .0 9 3 . 8 9 1 414 6 6 . 7 4
UP4W 7 . 0 9 6 . 8 2 3 .8 1 1 413 2 4 . 6 8
UP4P 5 . 8 8 5 . 6 6 3 . 7 4 1 413 4 2 . 9 5
UP4M 5 . 8 5 5 . 6 1 4 . 1 0 1 413 4 3 . 7 5
LMW 5 . 1 1 4 . 9 4 3 . 3 3 1 414 3 3 . 4 3
LML 1 1 .4 9 1 0 .9 9 4 . 3 5 1 414 5 7 . 7 9
LMTL 8 . 4 1 8 . 1 5 3 . 0 9 1 404 1 0 . 8 3
LMPL 5 . 5 2 5 . 3 5 3 . 0 8 1 408 1 9 .9 8
LP4P 4 . 7 3 4 . 5 4 4 . 0 2 1 410 3 6 . 7 9
LP4L 9 . 5 3 9 . 1 9 3 . 5 7 1 414 4 4 . 9 5
LP4W 4 . 7 7 4 . 6 1 3 . 3 5 1 414 3 3 . 5 6
PD = p e r c e n t  d i f f e r e n c e .
2 „ .S i n g l e - c l a s s i f i c a t i o n  ANOVA. S e x e s  co m p ared  p a i r w i s e  f o r  e a c h  
c h a r a c t e r .
O
No s i g n i f i c a n t  s e x u a l  d i m o r p h i s m  a s su m e d  w h e r e  p = ^ 0 . 0 5  (o n e  
a s t e r i s k ) .
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T a b l e  9 . — P e r c e n t  s e c o n d a r y  s e x u a l  d i m o r p h i s m  i n  F e l i s  r u f u s .
C h a r a c t e r
Mean
p e r c e n t
d i f f e r e n c e ^
Range o f  
i n t r a s a m p l e  
d i f f e r e n c e M ale s
T o t a l  N
F e m a le s
P e r c e n t
s i g n i f i ­
c a n t
F - r a t i o s ^
GSL 5 . 4 8 1 . 0 -  9 . 0 271 145 7 7 . 3
CBL 5 . 0 8 0 . 4 -  8 . 6 271 145 7 7 . 3
PL 5 . 5 6 0 . 0 -  9 . 1 271 143 5 9 . 1
NL 6 . 1 5 0 . 0 - 1 0 . 8 258 139 4 5 . 8
PPL 5 . 6 1 1 . 4 - 1 0 . 0 269 143 6 3 . 6
MB 4 , 7 2 0 . 5 -  7 . 2 270 144 5 4 . 5
ZB 5 . 5 4 0 . 0 -  9 . 0 270 144 6 3 . 6
POP 4 . 3 3 0 . 0 -  8 . 1 252 140 3 6 . 4
POB 1 .0 4 0 . 0 -  4 . 4 270 143 8 . 3
lOB 5 . 8 2 0 . 8 - 1 3 . 1 270 145 3 1 . 8
MTR 4 . 7 3 0 . 0 -  8 . 2 271 145 5 9 . 1
RBC 5 . 8 1 0 . 9 - 1 1 . 2 271 144 5 9 . 1
RBP 5 . 0 7 0 . 0 -  8 . 1 270 144 5 9 . 1
CB 3 . 2 5 0 . 0 -  7 . 4 269 145 3 6 . 4
CH 8 . 5 8 0 . 5 - 1 4 . 7 270 144 4 5 . 5
DJ 7 . 2 6 0 . 0 - 1 3 . 4 270 145 5 4 . 5
MRL 3 . 9 6 0 . 0 -  7 . 7 271 145 4 0 . 9
DL 9 . 1 7 0 . 0 - 1 8 . 7 271 145 2 7 . 3
LJ 5 . 3 8 0 . 3 -  9 . 1 270 145 7 2 . 6
TJ 6 . 7 8 0 . 0 - 1 1 . 5 271 145 5 4 . 5
UCW 6 . 4 0 0 . 0 - 1 2 . 3 262 142 6 3 . 6
UCL 6 . 7 6 0 . 0 - 1 3 . 1 262 142 5 4 . 5
UP3W 4 . 1 4 0 . 0 -  9 . 3 271 145 2 2 . 7
UP3L 4 . 2 2 0 . 0 -  7 . 9 270 145 3 6 . 4
UP4L 3 .9 1 0 . 0 -  7 . 5 271 145 3 1 . 8
UP4W 5 . 2 7 0 . 0 - 1 3 . 6 270 145 2 2 . 7
UP4P 3 . 5 6 0 . 0 -  7 . 8 270 145 1 3 . 6
UP4M 4 . 1 4 0 . 0 -  9 . 8 270 145 1 8 .2
LMW 3 .5 1 0 . 0 -  9 . 0 271 145 3 1 . 8
LML 4 . 5 7 0 . 0 - 1 1 . 1 271 145 4 0 . 9
LMTL 3 . 7 5 0 . 0 -  8 . 4 266 140 1 3 .6
LMPL 3 . 4 9 0 . 0 -  7 . 3 270 140 9 . 1
LP4P 3 . 9 0 0 . 0 - 1 1 . 4 267 145 1 8 .2
LP4L 3 . 7 9 0 . 0 -  8 . 3 271 145 3 1 . 8
LP4W 3 . 5 5 0 . 0 -  9 . 1 271 145 2 7 . 3
Summary o f  770 i n t r a s a m p l e  p a i r w i s e  c o m p a r i s o n s  o f  s e x e s  f o r  e a c h  
c h a r a c t e r  by  s i n g l e - c l a s s i f i c a t i o n  a n a l y s i s  o f  v a r i a n c e .
^ P e r c e n t  d i f f e r e n c e  b e t w e e n  s e x e s  f o r  e a c h  s a m p l e  e x p r e s s e d  a s  a  p e r c e n t  
o f  t h e  m a l e  m ean .
< 0 . 0 5  f o r  e a c h  c o m p a r i s o n ;  t h u s ,  f o r  GSL, 17 o f  22 s a m p l e s  (7 7 .3% )  
h a d  s i g n i f i c a n t  F - r a t i o s  when t h e  s e x e s  w e r e  c o m p a r e d .  Sam ple  l o c a l ­
i t i e s  w i t h  f e w e r  t h a n  f o u r  s p e c i m e n s  f o r  e i t h e r  s e x  w e r e  e x c l u d e d .
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I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  l e v e l  o f  d im o r p h i s m  b e tw e e n  t h e  
s k u l l  (4 .24% )  and  i t s  a t t a c h e d  t e e t h  (4 .43% ) i s  q u i t e  c o m p a r a b l e  w h i l e  
t h e  o p p o s i t e  r e s u l t s  p r e v a i l  f o r  t h e  l o w e r  m a n d i b l e  (6 .88% ) and  i t s  
a t t a c h e d  t e e t h  ( 3 . 5 4 % ) .
The d e g r e e  o f  s i z e  d i f f e r e n c e  b e tw e e n  s e x e s  v a r i e d  b o t h  among 
c h a r a c t e r s  and  b e tw e e n  s u b s p e c i e s  ( T a b l e s  1 0 ,  1 1 ) .  P a l l e s c e n s  was l e s s  
d i m o r p h i c  t h a n  f a s c i a t u s  i n  34 o f  35 c h a r a c t e r s  e x a m i n e d .  W i t h i n  b o t h  
s u b s p e c i e s ,  m a le s  c o n s i s t e n t l y  a v e r a g e d  ( f o r  a l l  s am p le  l o c a l i t i e s )  3 t o  
8% l a r g e r  t h a n  f e m a l e s  i n  a l l  c r a n i a l  c h a r a c t e r s  e x c e p t  FOB, a n d  f ro m  3 
t o  10% g r e a t e r  i n  m a n d i b u l a r  d i m e n s i o n s .  A l t h o u g h  a  p o r t i o n  o f  t h e  
F - r a t i o s  ( T a b l e s  1 0 ,  11 )  were  n o t  s i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l  f o r  many 
o f  t h e  i n d i v i d u a l  s a m p l e  l o c a l i t y  c o m p a r i s o n s  i n  t h e  d e n t a l  c h a r a c t e r s ,  
t h e  l a r g e  m a j o r i t y  o f  t h e  s a m p le  means  f o r  m a l e s  w ere  g r e a t e r  t h a n  t h o s e  
f o r  t h e  f e m a l e s .  F o r  a l l  d e n t a l  c h a r a c t e r s ,  m a le s  a v e r a g e d  3 t o  8% 
l a r g e r  t h a n  f e m a l e s  w i t h  t h e  u p p e r  d e n t i t i o n  s l i g h t l y  more d i m o r p h i c  
t h a n  t h e  lo w e r  d e n t i t i o n .
S e x u a l  d im o r p h i s m  i n  z y g o m a t i c  b r e a d t h  (ZB) i s  c o m p a r a b le  i n  
m a g n i t u d e  t o  many o f  t h e  c h a r a c t e r s  e x a m i n e d ,  a p p r o x i m a t e l y  0 . 0 - 9 . 0 %  
among a l l  s a m p le  l o c a l i t i e s .  The d a t a  f o r  ZB a r e  p r e s e n t e d  i n  T a b l e  12 
a s  a n  e x a m p le  o f  t h e  n a t u r e  o f  t h e  i n f o r m a t i o n  upon w h ic h  s u m m a r i z a t i o n s  
i n  T a b l e s  10 and  11 a r e  b a s e d .
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T a b l e  1 0 . — P e r c e n t  s e c o n d a r y  s e x u a l  d i m o r p h i s m  i n  F e l i s  r u f u s  
f a s c i a t u s . 1
C h a r a c t e r
Mean
p e r c e n t
d i f f e r e n c e ^
Range o f  
i n t r a s a m p l e  
d i f f e r e n c e
T o t a l
M a le s
N
F e m a le s
P e r c e n t
s i g n i f i ­
c a n t
F - r a t i o s ^
GSL 6 . 6 2 4 . 9 -  9 . 0 75 62 1 0 0 .0
CBL 6 . 2 7 4 « 7— 8 . 6 75 62 1 0 0 . 0
PL 6 . 4 7 3 . 2 -  8 . 8 75 60 8 7 . 5
NL 8 . 2 4 5 . 1 - 1 0 . 8 74 58 7 5 . 0
PPL 6 . 7 4 3 . 1 - 1 0 . 0 74 60 8 7 . 5
MB 5 . 5 1 3 . 1 -  7 . 2 74 61 1 0 0 .0
ZB 6 . 1 1 4 . 0 -  8 . 8 74 61 8 7 . 5
POP 4 . 9 1 1 . 8 -  8 . 1 69 60 6 2 . 5
POB 1 . 1 3 0 . 0 -  4 . 4 75 61 1 2 .5
lOB 7 . 5 0 3 . 9 - 1 3 . 1 75 62 3 7 . 5
MTR 6 . 1 2 3 . 7 -  8 . 2 75 62 8 7 . 5
RBC 7 . 1 8 3 . 1 - 1 1 . 2 75 61 1 0 0 .0
RBP 6 . 1 8 4 . 3 -  7 . 9 75 61 8 7 . 5
CB 4 . 1 6 1 . 1 -  7 . 4 74 62 5 0 . 0
CH 1 0 .2 2 4 . 0 - 1 4 . 7 75 62 5 0 . 0
DJ 9 . 9 5 6 . 1 - 1 3 . 4 75 62 8 7 . 5
MRL 5 . 5 6 4 . 0 -  7 . 7 75 62 6 2 . 5
DL 9 . 5 7 0 . 0 - 1 6 . 5 75 62 2 5 . 0
LJ 6 . 5 4 4 . 1 -  8 . 6 75 62 1 0 0 . 0
TJ 7 . 0 2 3 - 1 - 1 1 . 1 75 62 7 5 . 0
UCW 7 . 0 6 0 . 0 - 1 2 . 3 71 59 7 5 . 0
UCL 8 . 3 8 0 . 0 - 1 3 . 1 71 59 7 5 . 0
UP3W 5 . 1 6 0 . 0 -  9 . 3 75 62 3 7 . 5
UP3L 5 . 5 0 3 . 1 -  7 . 9 75 62 7 5 . 0
UP4L 5 . 1 8 3 . 4 -  7 . 5 75 62 6 2 . 5
UP4W 6 . 0 2 2 . 1 -  8 . 6 75 62 2 5 . 0
UP4P 3 . 8 9 1 . 9 -  5 . 2 75 62 1 2 .5
UP4M 4 . 7 5 0 . 7 -  9 . 8 75 62 3 7 . 5
LMW 4 . 6 9 0 . 0 -  7 . 7 75 62 5 0 . 0
LML 6 . 1 6 3 . 8 -  8 . 1 75 62 7 5 . 0
LMTL 4 . 5 3 0 . 0 -  7 . 6 71 60 2 5 . 0
LMPL 3 .5 2 1 . 8 -  7 . 1 75 60 1 2 .5
LP4P 3 . 2 1 0 . 6 -  5 . 8 73 62 0 . 0
LP4L 4 . 5 9 0 . 8 -  6 . 4 75 62 6 2 . 5
LP4W 4 . 8 7 2 . 7 -  8 . 2 75 62 3 7 . 5
Summary o f  280 i n t r a s a m p l e  p a i r w i s e  c o m p a r i s o n s  o f  s e x e s  f o r  e a c h  
c h a r a c t e r  by  s i n g l e - c l a s s i f i c a t i o n  a n a l y s i s  o f  v a r i a n c e .
2
P e r c e n t  d i f f e r e n c e  b e t w e e n  s e x e s  f o r  e a c h  s a m p l e  e x p r e s s e d  a s  a  p e r c e n t  
o f  t h e  m a l e  mean.
< 0 . 0 5  f o r  e a c h  c o m p a r i s o n ;  t h u s ,  f o r  GSL, 17 o f  22 s a m p l e s  (77 .3% ) 
h a d  s i g n i f i c a n t  F - r a t i o s  when t h e  s e x e s  w e r e  c o m p a r e d .  Sam ple  l o c a l ­
i t i e s  w i t h  f e w e r  t h a n  f o u r  s p e c i m e n s  f o r  e i t h e r  s e x  w e r e  e x c l u d e d .
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T a b l e  1 1 . — P e r c e n t  s e c o n d a r y  s e x u a l  d i m o r p h i s m  i n  F e l i s  r u f u s  
p a l l e s c e n s . ^
C h a r a c t e r
Mean
p e r c e n t
d i f f e r e n c e ^
Range o f  
i n t r a s a m p l e  
d i f f e r e n c e
T o t a l  N 
M a le s  F e m a le s
P e r c e n t
s i g n i f i ­
c a n t
F - r a t i o s ^
GSL 4 . 8 3 1 . 0 -  7 . 6 196 83 6 4 . 3
CBL 4 . 4 0 0 . 4 -  6 . 8 196 83 6 4 . 3
PL 5 . 0 5 0 . 0 -  9 . 1 196 83 4 2 . 9
NL 4 . 9 5 0 . 0 - 1 0 . 4 184 81 3 5 . 7
PPL 4 . 9 7 1 . 4 -  8 . 1 195 83 5 0 . 0
MB 4 . 2 7 0 . 5 -  7 . 0 196 83 2 8 . 6
ZB 5 . 2 2 0 . 0 -  9 . 0 196 83 5 0 . 0
POP 4 . 0 0 0 . 0 -  7 . 6 183 80 2 1 . 4
POB 0 . 9 8 0 . 0 -  3 . 6 195 82 7 . 1
lOB 4 . 8 7 0 . 8 — 9 . 6 195 83 2 8 . 6
MTR 3 . 9 4 0 . 0 -  7 . 1 196 83 4 2 . 9
RBC 5 . 0 2 0 . 9 - 1 0 . 0 196 83 3 5 . 7
RBP 4 . 4 3 2 . 9 -  8 . 1 195 83 4 2 . 9
CB 2 . 7 3 0 . 0 -  7 . 3 195 83 2 8 . 6
CH 7 . 6 4 0 . 5 - 1 2 . 9 195 82 4 2 . 9
DJ 5 . 7 3 0 . 0 -  9 . 8 195 83 3 5 . 7
MRL 3 . 0 4 0 . 0 -  6 . 8 196 83 2 8 . 6
DL 8 . 9 4 1 . 9 - 1 8 . 7 196 83 2 8 . 6
LJ 4 . 7 1 0 . 3 -  9 . 1 195 83 5 7 . 1
TJ 6 . 6 4 0 . 0 - 1 1 . 5 196 83 4 2 . 9
UCW 6 . 0 3 0 . 0 - 1 1 . 8 191 83 5 7 . 1
UCL 5 . 8 4 0 . 0 - 1 0 . 6 191 83 4 2 . 9
UP3W 3 . 5 5 0 . 0 -  7 . 4 196 83 1 4 . 3
UP3L 3 . 4 9 0 . 0 -  7 . 6 195 83 1 4 .3
UP4L 3 . 1 9 0 . 0 -  7 . 5 196 83 1 4 . 3
UP4W 4 . 8 4 0 . 0 - 1 3 . 6 195 83 2 1 . 4
Up4P 3 .3 7 0 . 0 -  7 . 8 195 83 1 4 . 3
UP4M 3 . 7 9 0 . 0 -  6 . 1 195 83 7 . 1
LMW 2 . 8 3 0 . 0 -  9 . 0 196 83 2 1 . 4
LML 3 . 6 6 0 . 0 - 1 1 . 1 196 83 2 1 . 4
LMTL 3 .3 1 0 . 0 — 3 . 4 195 80 7 . 1
LMPL 3 . 4 8 0 . 0 -  7 . 3 195 80 7 . 1
LP4P 4 . 2 9 0 . 0 - 1 1 . 4 194 83 2 8 . 6
LP4L 3 . 3 4 0 . 0 -  8 . 3 196 83 1 4 . 3
LP4W 2 . 7 9 0 . 0 -  9 . 1 196 83 2 1 . 4
Summary o f  490  i n t r a s a m p l e  p a i r w i s e  c o m p a r i s o n s  o f  s e x e s  f o r  e a c h  
c h a r a c t e r  by  s i n g l e - c l a s s i f i c a t i o n  a n a l y s i s  o f  v a r i a n c e .
2
P e r c e n t  d i f f e r e n c e  b e t w e e n  s e x e s  f o r  e a c h  s a m p l e  e x p r e s s e d  a s  a  p e r c e n t  
o f  t h e  m a le  m ean .
< 0 . 0 5  f o r  e a c h  c o m p a r i s o n ;  t h u s ,  f o r  GSL, 17 o f  22 s a m p l e s  (77 .3% ) 
h a d  s i g n i f i c a n t  F - r a t i o s  when t h e  s e x e s  w e r e  c o m p a r e d .  Sam ple  l o c a l ­
i t i e s  w i t h  f e w e r  t h a n  f o u r  s p e c i m e n s  f o r  e i t h e r  s e x  w e r e  e x c l u d e d .
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T a b l e  1 2 . — S e c o n d a r y  s e x u a l  d i m o r p h i s m  i n  z y g o m a t i c  b r e a d t h .
S u p s p e c i e s  an d  
s a m p l e  l o c a l i t y  
n um ber
M ale  means^  
(mm)
F e m a le  means 
(mm)
P e r c e n t
d i f f e r e n c e F - r a t i o ^
F .  r .  f a s c i a t u s
BCOl 9 2 . 3 4  ( 9 ) 8 8 . 6 3  ( 3) 4 . 0 2 4 . 0 9
OP03 9 2 . 7 4  ( 9) 8 8 . 3 0  (1 7 ) 4 . 7 9 2 1 .2 3 * * *
PA04 9 3 . 0 5  (1 1 ) 8 6 . 8 8  ( 8) 6 . 6 3 2 2 . 9 7 * * *
CW05 9 2 . 4 2  ( 5) 8 6 . 9 0  ( 5) 5 . 9 7 1 8 .5 0 * *
ES 10 8 6 . 7 7  (1 0 ) 8 3 . 0 5  (1 0 ) 4 . 2 9 9 .2 6 * *
c o l l 9 0 . 1 5  (1 0 ) 8 4 . 5 2  ( 5) 6 . 2 5 1 1 .2 9 * *
BL12 8 9 . 1 3  (1 0 ) 8 1 . 8 9  ( 9) 8 . 1 2 3 0 .7 0 * * *
DR13 9 1 . 1 5  (1 0 ) 8 3 . 1 2  ( 4 ) 8 . 8 1 1 9 .1 9 * * *
F .  r .  p a l l e s c e n s
BC02 9 1 . 0 3  (11 ) 8 5 . 4 7  ( 4 ) 6 . 1 1 5 . 4 0 *
YK06 9 1 . 4 9  (13 ) 8 5 . 3 2  ( 5 ) 6 . 7 4 8 . 5 3 *
ST08 9 1 . 0 2  (10 ) -* - —
BM09 9 0 . 1 0  (1 1 ) 8 4 . 8 0  ( 3 ) 6 . 9 9 3 . 4 2
KL14 9 1 . 6 7  ( 6 ) — — -
HA15 9 1 . 3 3  (12 ) 8 8 . 4 1  ( 8 ) 3 . 2 0 1 .7 1
TC16 9 2 . 9 9  (1 5 ) 8 4 . 7 1  ( 7) 8 . 8 0 2 9 . 8 2 * * *
OKI 7 9 1 . 3 6  (14 ) 8 8 . 2 8  (11 ) 3 . 3 7 2 . 9 5
SE18 9 1 . 6 8  (1 7 ) 8 3 . 4 0  ( 5) 9 . 0 3 9 . 1 5 * *
CC19 9 4 . 7 8  ( 5) 9 0 . 9 8  ( 5) 4 . 0 1 2 . 3 9
CH20 8 9 . 5 5  ( 8) - - —
PA21 9 1 . 9 0  (1 4 ) 8 7 . 6 5  ( 6) 4 . 6 2 3 . 5 4
BN22 9 1 . 5 4  (1 0 ) 8 6 . 4 2  ( 4 ) 5 . 5 9 4 . 6 5
PW23 8 9 . 3 2  (1 7 ) 8 6 . 1 2  (12) 3 . 5 8 6 . 1 3 *
RD24 8 9 . 7 3  ( 7) 8 5 . 6 5  ( 4 ) 4 . 5 5 6 . 3 3 *
BI26 8 6 . 6 5  ( 4) 8 6 . 6 7  ( 4 ) 0 . 0 0 0 . 0 0
P I  30 9 2 . 4 4  (15 ) 9 6 . 4 2  ( 5) 6 . 5 1 9 . 1 5 * *
TF39 9 0 . 3 1  ( 7)
1Sam ple  l o c a l i t y  s i z e  i n  p a r e n t h e s e s .
2 „ .D i f f e r e n c e  b e t w e e n  s e x e s  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  m a le  mean.
One a s t e r i s k ;  p < 0 . 0 5 ;  two a s t e r i s k s :  p < 0 . 0 1 ;  t h r e e  a s t e r i s k s :
p < 0 . 0 0 1 .
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M u l t i v a r i a t e  a n a l y s i s  o f  s e x u a l  d i m o r p h i s m .  M u l t i v a r i a t e  
a p p r o a c h e s  t o  c h a r a c t e r  a n a l y s i s  can  be  e x t r e m e l y  u s e f u l  in  e x a m i n i n g  
s e x u a l  d im o r p h i s m  (Power  and  T a m s i t t ,  1 973 ;  T o i t ,  e t  a l . ,  1 980 ;  Wiig  and  
L i e ,  1 9 8 0 ) .  C o n s e q u e n t l y ,  d a t a  w ere  i n i t i a l l y  s u b j e c t e d  t o  m u l t i v a r i a t e  
a n a l y s i s  o f  v a r i a n c e  (MANOVA) and  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  (DFA) 
w i t h  e a c h  s e x  a s  a  g r o u p  and  t h e  t o t a l  c h a r a c t e r  s u i t e  a s  v a r i a b l e s .  A 
MANOVA on s k u l l  c h a r a c t e r s  showed t h a t  m a l e s  and  f e m a l e s  d i f f e r e d  
s i g n i f i c a n t l y  i n  s i z e  (F t r a n s f o r m a t i o n  o f  W i l k s '  lambda s t a t i s t i c  = 
3 . 3 6 ,  d . f .  3 5 ,  8 ,  p < 0 . 0 5 )  i n d i c a t i n g  s i g n i f i c a n t  l e v e l s  o f  s e x u a l  
d i m o r p h i s m .  MANOVA i s  s i m p l y  t h e  m u l t i v a r i a t e  e x t e n s i o n  o f  t h e  f a m i l i a r  
on e -w ay  a n a l y s i s  o f  v a r i a n c e  t e s t  f o r  e q u a l i t y  o f  Ic means  ( S o k a l  and  
R o h l f ,  1 9 6 9 ) .  MANOVA t e s t s  t h e  n u l l  h y p o t h e s i s  t h a t  a l l  g r o u p s  s h a r e  
t h e  same mean f o r  a l l  v a r i a b l e s  m e a s u r e d .  I t  i s  a t e c h n i q u e  q u i t e  
s i m i l a r  t o  DFA w h ich  can  t e s t  h y p o t h e s e s  o f  s i m i l a r i t y  and  d i f f e r e n c e  
among t h e  c e n t r o i d s  o f  a  p r i o r i  p r o u p s .
D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  a t t e m p t s  t o  d e t e r m i n e  a l i n e a r
f u n c t i o n  w h ich  m a x i m a l l y  s e p a r a t e s  m a l e s  and  f e m a l e s .  T h i s  p r o c e d u r e
can  p r o v i d e  e s t i m a t e s  o f  m o r p h o l o g i c  d i s t a n c e  b e tw e e n  s e x e s  and  s u g g e s t
t h e  r e l a t i v e  i m p o r t a n c e  o f  e a c h  c h a r a c t e r  i n  i n f l u e n c i n g  t h e s e
d i s t a n c e s .  The s t a t i s t i c  u s e d  t o  s e p a r a t e  g r o u p s  i s  t h e  M a h a l a n o b i s
2
d i s t a n c e  m e a s u r e ,  D . C h a r a c t e r  c o e f f i c i e n t s  on  d i s c r i m i n a n t  f u n c t i o n s  
r e f l e c t  t h e  c o n t r i b u t i o n  o f  e a c h  v a r i a b l e  i n  t h e  f u n c t i o n .
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To e v a l u a t e  t h e  d i s c r i m i n a n t  f u n c t i o n  ( D F ) ,  t h e  n u l l  h y p o t h e s i s  
s t a t i n g  t h a t  no d i s c r i m i n a t i o n  e x i s t e d  b a s e d  on  t h i s  DF, v a s  t e s t e d .
The t e s t  s t a t i s t i c  was W i l k s "  lambda w h ic h  c a n  be  t r a n s f o r m e d  i n t o  a 
C h i - s q u a r e  s t a t i s t i c  f o r  an  e a s y  t e s t  o f  s i g n i f i c a n c e .  The n u l l  
h y p o t h e s i s  was r e j e c t e d  ( C h i - s q u a r e  = 2 0 3 . 6 5 ,  13 d . f . ,  p < 0 . 0 0 1 )  and  I  
c o n c l u d e d  t h a t  t h e  DF o b t a i n e d  c a n  b e  u s e d  w i t h  c o n f i d e n c e  i n  t h e  
c l a s s i f i c a t i o n  o f  unknown s p e c i m e n s .
D i s t r i b u t i o n s  o f  d i s c r i m i n a n t  f u n c t i o n  s c o r e s  e f f e c t i v e l y  s e p a r a t e d  
m a l e s  an d  f e m a l e s  o v e r  t h e  e n t i r e  s t u d y  a r e a  and  a l s o  b e tw ee n  c o a s t a l  
( f a s c i a t u s ) and  i n t e r i o r  ( p a l l e s c e n s ) p o p u l a t i o n s .  The e x t e n t  o f  s e x u a l  
d i m o r p h i s m  i n  n o r t h w e s t e r n  b o b c a t s  was m o d e r a t e  ( T a b l e  1 3 ) .  The c o a s t a l  
p o p u l a t i o n  e x h i b i t e d  g r e a t e r  d i m o r p h i c  p r o p e r t i e s  a s  e v i d e n c e d  by a 
g r e a t e r  d i f f e r e n c e  b e t w e e n  t h e  m a le  and  f e m a l e  c e n t r o i d s  and  a  h i g h e r  
c l a s s i f i c a t i o n  s u c c e s s  ( T a b l e  1 3 ) ,
The c h a r a c t e r s  i m p o r t a n t  i n  d i s c r i m i n a t i n g  b e tw e e n  s e x e s  d i f f e r  
c o n s i d e r a b l y  b e tw e e n  p o p u l a t i o n s  ( T a b l e  1 4 ) .  When t h e  s i g n  o f  t h e  
s t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  i s  i g n o r e d ,  e a c h  
c o e f f i c i e n t  r e p r e s e n t s  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  i t s  a s s o c i a t e d  
v a r i a b l e  t o  t h a t  f u n c t i o n .  The s i g n  m e r e l y  i n d i c a t e s  w h e t h e r  a  v a r i a b l e  
i s  m ak in g  a  p o s i t i v e  o r  n e g a t i v e  c o n t r i b u t i o n .  T h u s ,  i n  T a b l e  1 4 ,  f o r  
t h e  c o a s t a l  p o p u l a t i o n ,  g r e a t e s t  s k u l l  l e n g t h  (GSL) i s  more t h a n  t w i c e  
a s  i m p o r t a n t  t h a n  l e n g t h  o f  jaw  ( L J ) .  C o r o n o i d  h e i g h t  (C U ), m o l a r  row 
l e n g t h  (URL) and  l e n g t h  o f  t h e  l o w e r  m o l a r  (LML) make t h e  most i m p o r t a n t































T a b le  1 3 . — R e s u l t s  o f  t h e  d i s c r i m i n a n t  a n a l y s e s  o f  male  v e r s u s  f e m a le  b o b c a t s  f rom  t h e  c o a s t a l  and 
i n t e r i o r  r e g i o n s  and t h e  e n t i r e  s t u d y  a r e a .
C o a s t a l I n t e r i o r T o t a l
Male Female Male  Female Male Female
C e n t r o i d  i n  s p a c e 1 .325  - 1 . 6 0 3 0 .4 4 8  - 1 . 0 5 8 0 . 5 8 8  -  1 .098
C e n t r o i d  d i s t a n c e + 2 .9 3 + 1 .5 1 + 1 .6 9
8 .5 8 2 .27 2 .8 4
No. o f  c a s e s  c o r r e c t l y  c l a s s i f i e d 65 (86.7%) 61 (98.4%) 177 (90.3%) 51 (61.4%) 244 (90%) 106 (73.1%)
C l a s s i f i c a t i o n  s u c c e s s f o r  g roup 91.97% 81.72% 84.13%
C a n o n i c a l  c o r r e l a t i o n c o e f f i c i e n t 0 .826 0 .5 6 9 0 .6 2 7
W i l k s '  lambda 0 .317 0 .6 7 7 0 .6 0 7
C h i - s q u a r e 147 .13  (14 d . f . )
p < 0 .001
105 .84  (12 d . f . )  
p < 0 .0 0 1
2 0 3 .6 5  (13 d . f . )














T a b l e  1 4 . — Summary o f  s e x u a l  d i f f e r e n c e s  and t h e i r  r e s p e c t i v e  s t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  
c o e f f i c i e n t s  f o r  b o b c a t  g ro u p s  from t h e  c o a s t a l ,  i n t e r i o r ,  and  e n t i r e  s t u d y  a r e a .
C h a r a c t e r
C o a s t a l I n t e r i o r T o t a l
PD^
Coef­
f i c i e n t
%
s e p a r a t i o n PD
Coef­
f i c i e n t
%
s e p a r a t i o n PD
Coef­
f i c i e n t
%
s e p a r a t i o n
GSL 6 .7 1 .073 2 2 .5 — — - — - ,
PPL - - — 4 . 7 0 .2 7 8 7 .1 5 . 7 0 .3 0 7 8 . 4
MB 5 . 3 0 .3 1 5 6 . 6 — — — - - -
POB 0 . 0 - 0 . 2 0 8 4 . 4 - — — - -
MTR — - — - — 4 . 9 0 .3 0 4 8 . 3
RBC 6 .8 - 0 . 2 8 9 6 .1 - — — 5 .5 - 0 . 2 9 2 8 . 0
RBP 5 .8 0 .3 1 5 6 . 6 4 . 5 0 .361 9 . 3 4 . 7 0 .3 3 0 9 . 0
OH - - - 7 .4 0 .5 1 5 13 .2 8 . 5 0 .5 0 5 13 .8
DJ 9 . 2 0 .3 0 9 6 .5 5 . 3 - 0 . 1 9 3 5 . 0 - - -
MRL - - - 2 . 9 - 0 . 6 5 3 16 .7 3 .7 - 0 . 3 5 7 9 .7
LJ 6 . 6 - 0 . 5 0 7 10 .6 - — — - - —
TJ 6 . 3 - 0 . 2 6 3 5 .5 6 .7 0 .242 6 . 2 - - -
UCL - - - - - - 6 . 3 0 .1 5 6 4 . 3
UP3W — - 4 . 3 0 .2 3 6 6 .1 4 . 3 0 .161 4 .4
UP3L - - — - - 3 . 7 - 0 . 1 7 9 4 . 9
UP4L 5 .1 0 .2 0 8 4 . 4 - - - -
UP4M - - - 3 .8 0 .1 7 5 4 . 5 - - -
LMW 4 . 2 - 0 . 1 9 4 4 .1 — - — - - —
LML 6 .1 0 .2 7 5 5 . 8 3 .7 0 .4 4 8 11.5 4 . 4 0 .4 5 3 12 .4
LMTL 4 . 0 0 .2 6 2 5 .7 2 . 6 - 0 . 1 8 5 4 . 7 - —
LMPL 3 .1 - 0 . 3 8 4 8 .1 - - - 3 . 1 - 0 . 1 0 3 2 . 8
LP4P 3 .8 - 0 . 1 6 2 3 .4 4 . 0 0 .357 9 . 2 4 . 0 0 .2 7 3 7 .5
LP4W — - - 3 . 0 - 0 . 2 5 3 6 . 5 3 . 4 - 0 . 2 4 4 6 . 7
X ^ - t e s t  o f
U - s t a t i s t i c 147 .13* 1 0 5 .8 4 * 2 0 3 .6 5 *

















1PD = p e r c e n t  d i f f e r e n c e ,
p < 0 . 0 0 1 .
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c o n t r i b u t i o n s  i n  t h e  i n t e r i o r  p o p u l a t i o n  and  i n  t h e  p o p u l a t i o n  
r e p r e s e n t i n g  t h e  e n t i r e  s t u d y  a r e a .  As i n  p r i n c i p a l  co m p o n en t s  
a n a l y s i s ,  t h e  c o e f f c i e n t s  can  be  u s e d  t o  name t h e  c a n o n i c a l  d i s c r i m i n a n t  
f u n c t i o n  a x e s  by i d e n t i f y i n g  t h e  d o m in a n t  c h a r a c t e r i s t i c s  w h ic h  t h e y  
m e a s u r e .  I t  seems t h a t  t h e  o v e r a l l  s i z e  an d  s h a p e  o f  t h e  s k u l l s  o f  
c o a s t a l  b o b c a t s  a c c o u n t  f o r  a p p r o x i m a t e l y  o n e - h a l f  t h e  s e x u a l  d im o r p h i s m  
i n  t h e  c o a s t a l  a r e a .  F o r  i n t e r i o r  b o b c a t s ,  c h a r a c t e r s  a s s o c i a t e d  w i t h  
t h e  l o w e r  m a n d i b l e  and  c a r n a s s i a l  d e n t i t i o n  w ere  t h e  most i m p o r t a n t  i n  
d i s c r i m i n a t i n g  b e tw e e n  s e x e s .
The d i s c r i m i n a t o r y  power o f  any  s e l e c t e d  c h a r a c t e r  c an  be  e v a l u a t e d  
by t r a n s f o r m i n g  W i l k s '  l ambda  s t a t i s t i c  t o  an  F s t a t i s t i c  and  p e r f o r m i n g  
a s t a n d a r d  F - t e s t  on t h e  n u l l  h y p o t h e s i s  t h a t  t h e  l o c a l i t y  means a r e  
e q u i v a l e n t .  A t o t a l  o f  13 m e a s u r e m e n t s  were  e n t e r e d  i n t o  t h e  s t e p w i s e  
DFA f o r  t h e  w h o le  s t u d y  a r e a  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  (p  < 0 . 0 0 1 )  
b e t w e e n  t h e  s e x e s  a t  e a c h  o f  t h e  13 c h a r a c t e r s  ( T a b l e  1 4 ) .  When t h e  
u n s t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  were  m u l t i p l i e d  by 
t h e i r  r e s p e c t i v e  raw m e a s u r e m e n t s  and  summed f o r  e a c h  s p e c i m e n ,  
d i s c r i m i n a n t  s c o r e s  w e re  o b t a i n e d  t h a t  may be  p l o t t e d  a l o n g  a  s i n g l e  
a x i s .  Unknown i n d i v i d u a l s  may be  c l a s s i f i e d  i n  a s i m i l a r  manner 
F r e q u e n c y  d i s t i b u t i o n s  f o r  m a l e s  and  f e m a l e s  w ere  c o m p i l e d  and  
t r a n s f o r m e d  to  h i s t o g r a m s  t o  i l l u s t r a t e  t h e  r e l a t i v e  s e p a r a t i o n  o f  s e x e s  
a l o n g  t h e  d i s c r i m i n a n t  a x i s  ( F i g s .  2 ,  3 ) .  A l t h o u g h  d i s c r i m i n a n t  s c o r e s  
o v e r l a p  som ew ha t ,  s e x u a l  d i m o r p h i s m  was c l e a r l y  e v i d e n t .  T h ese  r e s u l t s  
s u g g e s t e d  t h a t  m a l e s  and  f e m a l e s  s h o u l d  be  t r e a t e d  i n d e p e n d e n t l y  i n  any
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I" DISCRIMINANT FUNCTION
F i g .  2 . — F r e q u e n c y  h i s t o g r a m  o f  f a s c i a t u s  d i s c r i m i n a n t  s c o r e s  f o r  
e a c h  s e x .  C r o s s - h a t c h e d  and  s t i p p l e d  a r e a s  a r e  f e m a l e s  and  m a l e s ,  
r e s p e c t i v e l y ,  w h i c h  a r e  m i s c l a s s i f i e d .  D a rk e n e d  t r i a n g l e  i s  t h e  
b o u n d a r y  b e t w e e n  g r o u p s .
16i malesfemales











F i g .  3 . — F r e q u e n c y  h i s t o g r a m  o f  p a l l e s c e n s  d i s c r i m i n a n t  s c o r e s  f o r  
e a c h  s e x .  See  F i g u r e  2 f o r  e x p l a n a t i o n .
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s t u d y  o f  g e o g r a p h i c  v a r i a t i o n .
G e o g r a p h i c  v a r i a b i l i t y  o f  s e x u a l  d i m o r p h i s m .  The l e v e l  o f  s e x u a l  
d i m o r p h i s m  i n  s i z e  f o r  c o a s t a l  b o b c a t s  (D^= 8 . 5 3 ,  p < 0 . 0 0 1 )  v a r i e s  
c o n s i d e r a b l y  f rom  t h e  i n t e r i o r  s a m p l e s  (D^“  2 . 2 7 ,  p < 0 . 0 0 1 ) .  To 
a s c e r t a i n  w h e t h e r  t h e  d i s c r e p a n c y  i n  D ^ fo r  t h e  c o a s t a l  and i n t e r i o r  
s a m p l e s  i s  a t t r i b u t a b l e  t o  c h a n c e ,  I  u s e d  t h e  d i f f e r e n c e  ( 6 . 3 1 )  b e tw e e n  
t h e  two a r e a s  a s  s u g g e s t e d  by Rao ( 1 9 5 2 : 2 4 6 )  t o  c a l c u l a t e  a " v a r i a n c e  
r a t i o " .  The d i f f e r e n c e  b e tw e e n  t h e  two D e v a l u e s  was s i g n i f i c a n t  (p  < 
0 . 0 0 1 ) .  T h i s  was s o l i d  e v i d e n c e  t h a t  s e c o n d a r y  s e x u a l  d im o r p h i sm  v a r i e d  
s i g n i f i c a n t l y  b e tw e e n  g e o g r a p h i c  a r e a s .
C o n c l u s i o n s  r e g a r d i n g  t h e  g e o g r a p h i c  v a r i a b i l i t y  o f  s e x u a l  
d i m o r p h i s m  r e f e r  s p e c i f i c a l l y  t o  i n t r a p o p u l a t i o n  ( c o a s t a l  v e r s u s  
i n t e r i o r )  phenom ena .  A l o g i c a l  e x t e n s i o n  o f  t h e s e  i n f e r e n c e s  w ould  be  
t o  e v a l u a t e  s e x u a l  d im o r p h i s m  a t  t h e  s am p le  l o c a l i t y  l e v e l .  F i g u r e  4 
shows t h e  s am p le  l o c a l i t y  l e v e l s  o f  s e x u a l  d i m o r p h i s m  a s  m e a s u r e d  by t h e  
M a h a l a n o b i s  d i s t a n c e  (D ^) .
U n i v a r i a t e  A n a l y s i s  o f  G e o g r a p h i c  V a r i a t i o n
The b a s i c  s am p le  s t a t i s t i c s  w e re  c a l c u l a t e d  by UHIVAR, a  FORTRAN 
c o m p u te r  p r o g r a m  w r i t t e n  by  Power ( 1 9 6 9 ) .  The p ro g r a m  a l s o  p e r f o r m e d  a 
o n e -w ay  a  p o s t e r i o r i  ANOVA f o r  a l l  s am p le  l o c a l i t i e s  f o r  e ac h  c h a r a c t e r ,  
t e s t i n g  t h e  n u l l  h y p o t h e s i s  o f  no g e o g r a p h i c  v a r i a t i o n  among t h e
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l o c a l i t i e s .  P a t t e r n s  o f  g e o g r a p h i c  v a r i a t i o n  and  o v e r a l l  p h e n e t i c  
s i m i l a r i t y  i n  t h e  35 c h a r a c t e r s  c a n  be  d i s c e r n e d  by m u l t i p l e  c o m p a r i s o n  
t e c h n i q u e s  (HCT) w h ic h  a r e  u s e d  t o  d e t e c t  s i g n i f i c a n t l y  d i f f e r e n t  
s u b s e t s  f r o m  a l l  p o s s i b l e  p a i r s  o f  s am p le  l o c a l i t y  m e a n s .  S o k a l  and  
R o h l f  ( 1 9 6 9 )  d e s c r i b e  s e v e r a l  o f  t h e s e  HCT"s. F o r  t h i s  s t u d y  I  em p loyed  
G a b r i e l ' s  (1 9 6 4 )  Burns o f  S q u a r e s  S i m u l t a n e o u s  T e s t  P r o c e d u r e  (SS-STP) 
w h ic h  i d e n t i f i e s  m a x i m a l l y  homogenous  ( n o n - s i g n i f i c a n t l y  d i f f e r e n t  a t  p 
jC 0 . 0 5 )  s u b s e t s  o f  l o c a l i t y  m e a n s .  The a p p l i c a t i o n  and  i n t e r p r e t a t i o n  
o f  r e s u l t s  d e r i v e d  f ro m  t h i s  t e c h n i q u e  a r e  d i s c u s s e d  i n  d e t a i l  by 
G a b r i e l  and  S o k a l  ( 1 9 6 9 )  and  Power ( 1 9 7 0 ) .
The r e s u l t s  o f  t h e  SS-STP a r e  p r e s e n t e d  a s  maps o f  g e o g r a p h i c  
v a r i a t i o n  w i t h  t h e  a c c o m p a n y in g  l i s t s  o f  s a m p le  l o c a l i t y  means  r a n k e d  i n  
d e s c e n d i n g  o r d e r  o f  m a g n i t u d e .  The a d j a c e n t  v e r t i c a l  l i n e s  r e p r e s e n t  
v a r i o u s  homogenous  s u b s e t s .  Fo r  p u r p o s e s  o f  g r a p h i c a l  p o r t r a y a l  o f  t h e  
v a r i a t i o n  on s t u d y  a r e a  m a p s ,  v a r i o u s  s h a d e d  c i r c l e s  a t  e a c h  l o c a l i t y  on  
t h e  maps p o r t r a y  p a t t e r n s  o f  v a r i a t i o n .  Symbols  were  d e t e r m i n e d  by 
d i v i d i n g  t h e  t o t a l  r a n g e  o f  l o c a l i t y  m eans  i n t o  f i v e  e q u a l  i n t e r v a l s .  
S o l i d  c i r c l e s  r e p r e s e n t  t h e  l a r g e s t  m e a n s ,  o p e n  c i r c l e s  t h e  s m a l l e s t ,  
a n d ,  i n t u i t i v e l y ,  t h e  r e m a i n i n g  c i r c l e s  d e n o t e  i n t e r m e d i a t e  v a l u e s .  
O c c a s i o n a l  b a r s  b e tw e e n  l o c a l i t i e s  on  t h e  maps i n d i c a t e  a d j a c e n t  s a m p le  
l o c a l i t i e s  w h e re  means  a r e  s i g n i f i c a n t l y  d i f f e r e n t  and  may r e p r e s e n t  
p h y s i o g r a p h i c  b a r r i e r s  t o  g e n e  f l o w  ( P o w e r ,  1 9 7 0 ) .
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T h e r e  i s  a  v a s t  amount o f  i n f o r m a t i o n  w i t h i n  t h e  l i s t s  o f  m e a n s ,  
s u b s e t s ,  and  m a p s .  H ow ever ,  I  s h o u l d  c a u t i o n  t h e  r e a d e r  t h a t  t h e  maps 
c a n  be  d i f f i c u l t  t o  i n t e r p r e t ,  t h e  m a in  p ro b le m  b e i n g  t h a t  s u b s e t s  a r e
fo r m e d  s t a t i s t i c a l l y  and  a r e ,  t h u s ,  i n d e p e n d e n t  o f  g e o g r a p h y .  I t  i s
p o s s i b l e  f o r  s am p le  means  s e p a r a t e d  by g r e a t  d i s t a n c e s  t o  be  i n c l u d e d  i n  
t h e  same s u b s e t  i f  t h e i r  m eans  a r e  n o n s i g n i f i c a n t l y  d i f f e r e n t .  The 
s i t u a t i o n s  d e s c r i b i n g  s i m i l a r i t y  i n  s i z e  o f  g e o g r a p h i c a l l y  d i s t a n t  
p o p u l a t i o n s  may be e x p l a i n e d  by e v o l u t i o n a r y  c o n v e r g e n c e  i n  r e s p o n s e  t o  
s i m i l a r  e c o l o g i c a l  f a c t o r s .
The SS-STP i n d i c a t e d  s i g n i f i c a n t  g e o g r a p h i c  v a r i a t i o n  among 26 m a le  
s am p le  l o c a l i t i e s  i n  25 o f  t h e  35 c h a r a c t e r s .  C h a r a c t e r s  n o t  show ing  
s i g n i f i c a n t  v a r i a t i o n  among t h e  m a l e  l o c a l i t i e s  w e r e ;  POB, IITR, D J , 
UP4L, UP4P, UP4M, LML, LMPL, LP4P, LP4L (2  c r a n i a l ,  1 m a n d i b u l a r ,  and  7 
d e n t a l  c h a r a c t e r s )  ( T a b l e  1 5 ) .  Fo r  a t  l e a s t  11 o f  t h e  25 c h a r a c t e r s  -
two v a r y i n g  s u b s e t s  w e re  f o u n d  t o  be  s i g n i f i c a n t l y  d i f f e r e n t .  F o u r
c h a r a c t e r s  had  t h r e e  d i s t i n c t  s u b s e t s ,  n i n e  showed f o u r  s u b s e t s  and  o n e ,  
GSL, h a d  s i x  s u b s e t s .  S u b s e t s  c o n s i s t e n t l y  o v e r l a p p e d  i n  a l l  
c h a r a c t e r s .
I  r e j e c t e d  t h e  h y p o t h e s i s  o f  no g e o g r a p h i c  v a r i a t i o n  (p  < 0 . 0 5 )  
among t h e  22 f e m a l e  s a m p le  l o c a l i t i e s  f o r  26 o f  t h e  35 c h a r a c t e r s .  
V a r i a b l e s  show ing  no s i g n i f i c a n t  v a r i a t i o n  i n c l u d e d :  UP3L, UP4L, UP4P,
UP4M, LML, LMTL, LMPL, LP4P, LP4L ( a l l  d e n t a l  c h a r a c t e r s )  ( T a b l e  1 5 ) .  
T h i s  l i s t  g e n e r a l l y  was c o n s i s t e n t  w i t h  t h a t  f o r  t h e  m a l e s .  T h e r e  w e re
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T a b l e  1 5 . — I n t e r l o c a l i t y  v a r i a t i o n  i n  35 s k u l l  c h a r a c t e r s  f o r  
F e l l s  r u f u s .
C h a r a c t e r Sex d . f . F - r a t i o ^ P
GSL M 2 5 ,2 4 5 2 . 6 8 2 .0 0 0 1 4
GSL F 2 1 , 1 2 3 4 . 7 5 7 .0 0 0 0 0
GBL M 2 5 , 2 4 5 2 . 5 8 9 .0 0 0 2 1
GBL F 2 1 , 1 2 3 4 . 5 1 1 .0 0 0 0 0
PL M 2 5 , 2 4 5 2 .2 6 7 .0 0 1 0 5
PL F 2 1 ,1 2 1 3 .3 0 2 .0 0 0 0 7
NL M 2 5 , 2 3 2 2 . 4 1 9 .0 0 0 5 0
NL F 2 1 ,1 1 7 3 .0 9 3 .0 0 0 1 4
PPL M 2 5 , 2 4 3 2 . 0 3 2 .00371
PPL F 2 1 ,1 2 1 4 . 2 7 6 .0 0 0 0 0
MB M 2 5 ,2 4 4 2 . 5 1 3 .0 0 0 3 1
MB F 2 1 , 1 2 2 3 .9 0 6 .0 0 0 0 1
ZB M 2 5 ,2 4 4 1 .6 8 2 .0 2 5 1 6
ZB F 2 1 , 1 2 2 3 . 8 9 3 .0 0 0 0 1
POP M 2 5 , 2 2 6 1 .7 8 7 .0 1 4 6 8
POP F 2 1 , 1 1 8 3 . 0 2 9 .0 0 0 1 7
POB M 2 5 , 2 4 4 1 .2 2 8 .2 1 4 5 6
POB F 2 1 ,1 2 1 2 . 0 1 7 .0 0 9 7 5
lOB M 2 5 , 2 4 4 1 .5 9 3 .0 4 0 2 4
lOB F 2 1 , 1 2 3 4 . 4 9 1 .0 0 0 0 0
MTR M 2 5 , 2 4 5 2 . 3 2 2 .1 4 5 7 7
MTR F 2 1 , 1 2 3 2 . 7 1 8 .0 0 0 5 0
RBG M 2 5 , 2 4 5 2 . 4 7 4 .0 0 0 3 7
RBG F 2 1 , 1 2 2 3 .6 5 9 .0 0 0 0 2
RBP M 2 5 ,2 4 4 2 . 7 3 3 .00011
RBP F 2 1 , 1 2 2 2 . 1 9 5 .0 0 4 4 0
GB M 2 5 , 2 4 3 1 .8 7 1 .0 0 9 0 3
GB F 2 1 , 1 2 3 4 . 6 0 1 .0 0 0 0 0
GH M 2 5 , 2 4 4 1 .6 3 8 .0 3 1 8 0
GH F 2 1 , 1 2 2 2 . 6 4 8 .0 0 0 6 6
DJ M 2 5 , 2 4 4 0 . 9 8 6 .5 1 3 6 9
DJ F 2 1 , 1 2 3 2 . 8 0 4 .0 0 0 3 6
MRL M 2 5 , 2 4 5 1 .6 6 6 .0 2 7 3 5
MRL F 2 1 , 1 2 3 1 .7 9 4 .0 2 5 8 4
DL ■ M 2 5 ,2 4 5 2 .5 6 1 .0 0 0 2 4
DL F 2 1 , 1 2 3 4 . 7 9 1 .0 0 0 0 0
LJ M 2 5 , 2 4 4 2 . 7 0 0 .0 0 0 1 3
LJ F 2 1 , 1 2 3 4 . 2 3 6 .0 0 0 0 1
TJ M 2 5 , 2 4 5 2 . 4 7 5 .0 0 0 3 7
TJ F 2 1 , 1 2 3 4 . 4 9 0 .0 0 0 0 0
UGW M 2 5 , 2 3 6 3 .3 0 1 .0 0 0 0 1
UGW F 2 1 , 1 2 0 4 . 5 8 4 .0 0 0 0 0
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T a b l e 1 5 . — ( c o n t . . P- 2 )
C h a r a c t e r Sex d . f . F - r a t i o ^ P
UCL M 25 236 2 . 4 0 4 .0 0 0 5 4
UCL F 21 120 2 . 0 0 3 .0 1 0 4 1
UP3W M 25 245 1 . 7 3 6 .0 1 8 7 8
UP3W F 21 123 1 .8 4 1 .0 2 1 0 5
UP3L M 25 244 1 .8 7 8 .0 0 8 6 6
UP3L F 21 123 1 .0 6 0 .4 0 0 2 0
UP4L M 25 245 1 .3 0 5 .1 5 6 8 8
UP4L F 21 123 1 ,4 1 3 .1 2 4 6 3
UP4W M 25 244 3 .0 9 1 .0 0 0 0 2
UP4W F 21 123 2 . 9 7 4 .0 0 0 1 9
UP4P M 25 244 0 . 8 5 9 .6 6 3 4 9
UP4P F 21 123 0 . 5 4 8 .94421
UP4M M 25 244 1 .0 2 9 .4 3 0 0 2
UP4M F 21 123 0 . 7 6 1 . 7 6 1 0 0
LMW M 25 245 2 . 1 2 4 .0 0 2 2 4
LMW F 21 123 3 -6 2 6 .0 0 0 0 2
LML M 25 245 1 .3 3 6 .1 3 7 1 4
LML F 21 123 1 .1 1 3 .3 4 3 4 7
LMTL M 25 240 1 .8 8 3 .0 0 8 5 0
LMTL F 21 118 1 .2 9 2 .1 9 3 9 7
LMPL M 25 244 1 .322 .1 4 6 0 9
LMPL F 21 118 0 . 9 4 6 .5 3 4 5 2
LP4P M 25 241 0 . 7 3 5 .8 1 8 8 3
LP4P F 21 123 0 . 8 7 3 .6 2 5 8 0
LP4L M 25 245 1 .3 1 2 .1 5 2 0 7
LP4P F 21 123 1 .4 2 6 .1 1 8 8 3
LP4W M 25 245 1 .7 7 3 .0 1 5 4 1
LP4W F 21 123 1 .9 7 8 .0 1 1 4 4
^ S i n g l e - c l a s s i f i c a t i o n  a n a l y s i s  o f v a r i a n c e ;  s i g n i f i c a n t i n t e r l o c a l i t y
h e t e r o g e n e i t y (= g e o g r a p h i c v a r i a t i o n ) i s  i n d i c a t e d  by  a n  F - r a t i o
e x c e e d i n g  1 . 5 2  f o r  m a l e s an d 1 .6 3 f o r f e m a l e s  (p  < 0 . 0 5 ) •
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s i x  c h a r a c t e r s  w i t h  two s u b s e t s ,  two w i t h  t h r e e  s u b s e t s ,  n i n e  w i t h  f o u r  
s u b s e t s ,  s i x  w i t h  f i v e  s u b s e t s  and  t h r e e  w i t h  s i x  s u b s e t s .  As i n  t h e  
c a s e  o f  t h e  m a l e s ,  a l l  s u b s e t s  o v e r l a p p e d  e a c h  o t h e r .  G e o g r a p h i c  
p a t t e r n s  o f  v a r i a t i o n  w e re  t y p i c a l l y  v e r y  s i m i l a r  i n  e a c h  s e x .
C r a n i a l  l e n g t h . A l l  f i v e  c r a n i a l  l e n g t h  d i m e n s i o n s  (GSL, GBL, PL, 
ITL, PPL) e x h i b i t e d  s t r i k i n g l y  s i m i l a r  p a t t e r n s  o f  v a r i a t i o n ,  h e r e  
i l l u s t r a t e d  by d a t a  f o r  GBL. I n  m a l e s  ( F i g .  5 ) ,  t h e  l a r g e s t  s k u l l s  come 
f ro m  p o p u l a t i o n s  i n  s o u t h e r n  I d a h o  and  s o u t h e a s t e r n  O re g o n .  The n e x t  
l a r g e s t ,  t o g e t h e r  w i t h  medium l e n g t h  s p e c i m e n s ,  o c c u r  a l o n g  t h e  P a c i f i c  
c o a s t  o f  W a s h in g to n  and  n o r t h w e s t  o f  V a n c o u v e r ,  B. G. (BGOl) ,  t h e  Yakima 
a r e a  (YK06) ,  an d  t h e  T h r e e  F o r k s  a r e a  (TF39)  o f  c e n t r a l  M o n tan a .  Medium 
l e n g t h  s k u l l s  a r e  p r e s e n t  i n  t h e  c o a s t a l  and  C a s c a d e  f o o t h i l l s  a r e a s  o f  
O r e g o n ,  B o undary  and  B onner  C o u n t i e s  (BW22), t h e  Salmon M o u n ta i n s  o f  
c e n t r a l  I d a h o  (GI120), and  Roundup ,  Montana  (R D 24) .  The s h a r p e s t  b r e a k s  
o c c u r  b e t w e e n  t h e  n o r t h  and  s o u t h  s i d e s  o f  t h e  Co lum bia  R i v e r  and  t h e  
C a s c a d e  D i v i d e ,  e s p e c i a l l y  i n  O r e g o n ,  and  p o s s i b l y  i n  e a s t e r n  M o n tan a .  
H ow ever ,  upon  c l o s e r  e x a m i n a t i o n ,  m a l e s  f ro m  t h e  B i l l i n g s  a r e a  ( B I 2 6 )  
a r e  e x c e p t i o n a l l y  s m a l l ;  i n  f a c t ,  t h i s  i s  t h e  o n l y  a r e a  w h ich  shows 
r e v e r s e  s e x u a l  d i m o r p h i s m  ( f e m a l e s  l a r g e r  t h a n  m a l e s ) .  I  b e l i e v e  t h i s  
phenomenon i s  p r o b a b l y  due  t o  an  a r t i f a c t  o f  s m a l l  s am p le  s i z e  (n  = 8 ) .














































































F i g .  5— G e o g ra p h ic  v a r i a t i o n  i n  means f o r  c o n d y l o b a s a l  l e n g t h  i n  m a l e s .  Means a r e  r a n k e d  i n
d e c r e a s i n g  o r d e r  o f  m a g n i t u d e . .  V e r t i c a l  l i n e s  eac h  r e p r e s e n t  a  maximal n o n - s i g n i f i c a n t  
s u b s e t  r e s u l t i n g  from co m p ar i so n s  by S im u l tan e o u s  T e s t  P r o c e d u r e . Ui
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S i m i l a r  t r e n d s  w e re  s e e n  i n  f e m a l e s  ( F i g .  6 ) ,  a l t h o u g h  s k u l l  
l e n g t h s  w e re  more  v a r i a b l e ,  p a r t l y  a s  a  r e s u l t  o f  t h e  s m a l l  s a m p le s  
a v a i l a b l e  f o r  s e v e r a l  p o p u l a t i o n s .  The g e o g r a p h i c  b r e a k  a t  t h e  Co lum bia  
R i v e r  was e v e n  more  d i s t i n c t  i n  t h e  f e m a l e  m e a s u r e m e n t s .
H a s t o i d  b r e a d t h . S t r o n g  r e g i o n a l  p a t t e r n s  w e re  shown i n  v a r i a t i o n  
i n  t h i s  c h a r a c t e r .  I n  m a l e s  ( F i g .  7 ) ,  m o d e r a t e l y  w ide  m a s t o i d  p r o c e s s e s  
i n  s o u t h w e s t e r n  W a s h in g to n  c o n t r a s t e d  a b r u p t l y  w i t h  t h e  n a r r o w  o r  
m o d e r a t e l y  n a r r o w  v a l u e s  s e e n  i n  t h e  w e s t e r n  O regon  f o o t h i l l s  o f  t h e  
C a s c a d e s  and  t h e  c o a s t a l  a r e a .  The v a l u e s  s h i f t e d  a g a i n  when c r o s s i n g  
t h e  C a s c a d e  D i v i d e  i n  s o u t h e r n  O regon  t o  t h e  m o d e r a t e l y  w id e  d i m e n s i o n s  
f o u n d  t h r o u g h o u t  t h e  h i g h  d e s e r t  a r e a s  a r o u n d  Harney  Lake (HA13),  
s o u t h w e s t e r n  I d a h o ,  t h e  S nake  R i v e r  p l a i n s ,  and  C l a r k  C o u n ty ,  Id a h o  
(C C 1 9 ) .  Montana  p o p u l a t i o n s  and  t h o s e  o f  n o r t h e r n  I d a h o  (BK22) and  
e a s t e r n  W a s h in g to n  w e re  h i g h l y  v a r i a b l e .
G e o g r a p h i c  v a r i a t i o n  i n  f e m a l e s  ( F i g .  8)  c l o s e l y  p a r a l l e l e d  t h a t  o f  
m a l e s .  The o n l y  d i f f e r e n c e  was f o u n d  i n  t h e  more d i s t i n c t i v e  r e g i o n a l  
c o n t r a s t s  among p o p u l a t i o n s ,  e s p e c i a l l y  b e tw e e n  t h o s e  o f  w e s t e r n  
W a s h in g to n  and  O re g o n .  A l s o ,  t h e  l e v e l  o f  r e g i o n a l  v a r i a b i l i t y  
e x h i b i t e d  g r e a t e r  s t a b i l i t y .
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F i g .  6 . — G e o g rap h ic  v a r i a t i o n  i n  means f o r  c o n d y l o b a s a l  l e n g t h  i n  f e m a l e s .  
F i g u r e  5 and  t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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ZvROTnatic b r e a d t h . V a r i a t i o n  i n  zy& om atic  b r e a d t h  ( F i g s .  9 ,  10)  
c l o s e l y  c o r r e s p o n d s  t o  t h a t  o f  m a s t o i d  b r e a d t h  w i t h  one e x c e p t i o n .
B o b ca t  m a l e s  f rom  C l a r k  Coun ty  (CC19) h a v e  e x c e p t i o n a l l y  w ide  s k u l l s  
when m e a s u r e d  a c r o s s  t h e  z y g o m a t i c  a r c h e s  and  i n d i v i d u a l s  f ro m  B i l l i n g s  
( B I 2 6 )  an d  E s t a c a d a  (ESIO) m a i n t a i n  t h e i r  p a t t e r n  o f  e x c e p t i o n a l l y  s m a l l  
d i m e n s i o n s  o v e r  m os t  c h a r a c t e r s .  T h i s  r e s u l t s  i n  a b r o a d e r  r a n g e  o f  
means f o r  t h i s  c h a r a c t e r .  I n  i n t e r p r e t i n g  t h e  d i a g r a m s  f o r  z y g o m a t i c  
b r e a d t h ,  i t  s h o u l d  be  k e p t  i n  mind t h a t  t h e  m e thod  o f  d e t e r m i n i n g  
i n t e r v a l s  f o r  sy m b o ls  means t h a t  when d e v i a n t  p o p u l a t i o n s  a r e  i n c l u d e d ,  
a s  a r e  t h o s e  f o r  CC19, ESIO and  B I 2 6 ,  t h a t  t h e  d i f f e r e n c e s  among t h e  
r e m a i n i n g  p o p u l a t i o n s  may a p p e a r  t o  be  l e s s  c o n t r a s t i n g  even  th o u g h  t h e y  
a r e  c o m p a r a b l e  i n  m a g n i t u d e  t o  d i f f e r e n c e s  shown i n  o t h e r  f e a t u r e s .
I n s p e c t i o n  o f  t h e  l i s t  o f  m eans  shows t h a t  s p e c i m e n s  f rom  t h e  
O lym pic  P e n i n s u l a  and n o r t h w e s t  o f  V an co u v e r  (BCOl) h a v e  e x c e p t i o n a l l y  
w id e  s k u l l s  when c om pared  t o  t h e  p a t t e r n s  e x h i b i t e d  i n  t h e  l e n g t h  
d i m e n s i o n s .  A g a i n ,  t h e  s h a r p e s t  d i s c o n t i n u i t y  i n  t h i s  c h a r a c t e r  i s  a t  
t h e  Co lum bia  R i v e r  and  t h e  C a s c a d e  D i v i d e .  A b r o a d  c o n t i n e n t a l  p a t t e r n  
o f  a l t e r n a t i o n  o f  w ide  s k u l l s  w i t h  n a r r o w e r  s k u l l s  i s  e v i d e n t  a s  one 
moves  f ro m  t h e  e x t r e m e  P a c i f i c  N o r t h w e s t  t o  e a s t e r n  W ash in g to n  and  
O regon  t o  t h e  s o u t h e r n  h a l f  o f  I d a h o  and  t h e n  t o  e a s t e r n  M o n tan a .  The 
n a r r o w e s t  s k u l l s  i n  b o t h  s e x e s  o c c u r  i n  t h e  n o r t h e r n  h a l f  o f  t h e  Oregon  
C a s c a d e s  f o o t h i l l s .
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I n t e r o r b i t a l  b r e a d t h . V a r i a t i o n  i n  i n t e r o r b i t a l  b r e a d t h  o f  b o t h  
m a l e s  an d  f e m a l e s  i s  d e p i c t e d  i n  F i g u r e s  11 and  1 2 .  The g e n e r a l  p a t t e r n  
o f  v a r i a t i o n  i s  c l i n a l ,  w i t h  t h e  n a r r o w e s t  d i m e n s i o n s  o c c u r r i n g  o n c e  
a g a i n  i n  e a s t e r n  M ontana  and  t h e  w i d e s t  i n  w e s t e r n  W a s h in g to n  an d  B. C.
Â h i g h  d e g r e e  o f  r e g i o n a l  d i f f e r e n t i a t i o n  i n  s i z e  c a n  be o b s e r v e d  
t h r o u g h o u t  t h e  s t u d y  a r e a  e x c e p t  i n  t h e  s o u t h e r n  h a l f  o f  I d a h o .
R o s t r a l  b r e a d t h  a t  t h e  p r e m o l a r .  V a r i a t i o n  i n  RBP ( F i g s .  1 3 ,  14) 
showed t h e  a l m o s t  i d e n t i c a l  p a t t e r n  o f  v a r i a b i l t y  a s  RBC, w i t h  t h e  
b r o a d e s t  m u z z l e s  f o u n d  a l o n g  t h e  P a c i f i c  c o a s t ,  a n d ,  i n  p a r t i c u l a r ,  
n o r t h  o f  t h e  Co lum bia  R i v e r .  The n a r r o w e s t  m e a s u r e m e n t s  w ere  f o u n d  i n  
e a s t e r n  M o n ta n a .  I n  f e m a l e s ,  t h e  c l i n a l  p a t t e r n  d i s s i p a t e d ,  w i t h  t h e  
o n l y  o b v i o u s  p a t t e r n  a t  t h e  C o lum bia  R i v e r ,
C o n d y le  b r e a d t h . T h i s  c h a r a c t e r  t e n d e d  t o  f o l l o w  p a t t e r n s  a l r e a d y  
d e m o n s t r a t e d  by t h e  c r a n i a l  l e n g t h  m e a s u r e m e n t s .  The w i d e r  c o n d y l a r  
d i m e n s i o n s  ( F i g s .  1 5 ,  16)  f o r  m a l e s  w e re  c e n t e r e d  i n  H arney  B a s i n  
(K A15) ,  O regon  and  P i u t e  B a s i n  ( P I 3 0 ) ,  I d a h o ,  t h e  Owyhee D e s e r t  
h i g h l a n d s  (T C 1 6 ) ,  and  t h e  P a y e t t e  a r e a  (PA21) o f  s o u t h w e s t e r n  I d a h o .
The n a r r o w e s t  c o n d y l e s  w e re  l o c a t e d  on  t h e  Olympic  P e n i n s u l a  and  
n o r t h w e s t  o f  V a n c o u v e r .  F e m a le s  a p p a r e n t l y  f o l l o w e d  t h e  same g e n e r a l  
p a t t e r n .
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M a n d i b u l a r  d i m e n s i o n s . The m os t  v a r i a b l e  c h a r a c t e r  f ro m  t h e  " j a w  
c o m p le x "  was DL ( F i g s .  1 7 ,  1 8 ) ,  w i t h  g e n e r a l l y  h i g h  v a l u e s  f o u n d  i n  t h e  
a r i d  o p e n  p l a i n s  o f  s o u t h e r n  I d a h o  and  s o u t h e a s t e r n  O re g o n .  The l o w e s t  
v a l u e s  w e re  f o u n d  among t h e  c o a s t a l  p o p u l a t i o n s ,  e s p e c i a l l y  t h o s e  f ro m  
W a s h i n g t o n .  T h i s  p a t t e r n  i s  i d e n t i c a l l y  r e v e r s e d  f o r  MRL ( F i g s .  1 9 ,
2 0 ) ,  w h ic h  i s  t o  be  e x p e c t e d  due  t o  t h e  c l o s e  f u n c t i o n a l  r e l a t i o n s h i p  o f  
t h e s e  c h a r a c t e r s .  G e n e r a l l y ,  a  s h o r t e r  lo w e r  t o o t h  row w ould  a l l o w  f o r  
a  l a r g e r  d i a s t e m a  s p a c e  b e tw e e n  t h e  t o o t h  row and t h e  c a n i n e  t o o t h .  CH 
and  LJ f o l l o w e d  t h e  same p a t t e r n  a s  DL, w h i l e  TJ  was c o n s p i c u o u s l y  
s i m i l a r  t o  MRL. DJ showed no s i g n i f i c a n t  g e o g r a p h i c  v a r i a t i o n  f o r  m a le  
s am p le  l o c a l i t i e s .
D e n t i t i o n .  S ev en  m a le  and  n i n e  f e m a l e  d e n t a l  n m e a s u re m e n t s  
e x h i b i t e d  no g e o g r a p h i c  v a r i a t i o n .  C h a r a c t e r s  m os t  c l o s e l y  a s s o c i a t e d  
w i t h  f e e d i n g  f u n c t i o n s ,  s u c h  a s  t h e  u p p e r  c a n i n e s  ( F i g s .  2 1 ,  22 )  and  
b o t h  c a r n a s s i a l s ,  showed t h e  g r e a t e s t  amount o f  l o c a l  d i f f e r e n t i a t i o n .  
From a l l  c h a r a c t e r s ,  a  c o n s i s t e n t  p a t t e r n  e m er g es  f o r  b o t h  s e x e s .
B o b c a t s  coming f ro m  t h e  more  t h i c k l y  v e g e t a t e d  c o a s t a l  c o m m u n i t i e s ,  
t o g e t h e r  w i t h  i n l a n d  p o p u l a t i o n s  f r o m  l o c a l i t i e s  o f  c o m p a r a t i v e l y  h i g h e r  
p r i m a r y  p r o d u c t i v i t y ,  t e n d e d  t o  d i s p l a y  more  r o b u s t  f e e d i n g  d e n t i t i o n  
t h a n  b o b c a t s  l o c a t e d  on  t h e  open  a r i d  p l a i n s  o f  s o u t h e r n  I d a h o ,  e a s t e r n  
M ontana  and  s o u t h e a s t e r n  O r e g o n .
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M u l t i v a r i a t e  A n a l y s i s  o f  G e o g r a p h i c  V a r i a t i o n
P r i n c i p a l  c o m p o n e n t s  a n a l y s i s . S i n c e  t h e  p r e v i o u s  u n i v a r i a t e  
c o m p a r i s o n s  i n d i c a t e d  co m p lex  t r e n d s  i n  t h e  p a t t e r n  o f  c h a r a c t e r  
d i f f e r e n t i a t i o n ,  m u l t i v a r i a t e  a n a l y t i c a l  t e c h n i q u e s  w h ic h  c a n  c o n s i d e r  
v a r i a t i o n  i n  a l l  c h a r a c t e r s  s i m u l t a n e o u s l y  w ere  em ployed  i n  a n  a t t e m p t  
t o  r e p r e s e n t  t h e s e  t r e n d s  i n  a  c o h e r e n t  s y n t h e s i s .  U n i v a r i a t e  a n a l y s i s  
o f  v a r i a n c e  (ANOVA) i n d i c a t e d  t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  p h e n e t i c  
d i f f e r e n c e s  e x i s t e d  among t h e  s a m p le  l o c a l i t i e s .  I t  was t h e r e f o r e  
c o n s i d e r e d  w o r t h w h i l e  t o  p r o c e e d  w i t h  p r i n c i p a l  c o m p o n en t s  a n a l y s i s  
(PGA) and  p h enogram  a n a l y s i s .  I t  i s  g e n e r a l l y  r e c o g n i z e d  t h a t  t h e s e  two 
t e c h n i q u e s  complement  one  a n o t h e r  i n  t h a t  t h e  PGA a p p r o a c h  g e n e r a l l y  
d e f i n e s  m a j o r  g r o u p i n g s ,  w h i l e  t h e  phenogram  a n a l y s e s  a r e  more e f f e c t i v e  
i n  r e v e a l i n g  r e l a t i o n s h i p s  a t  t h e  l e v e l  o f  f i n e  b r a n c h  t i p s  ( R o h l f ,  
1 9 6 8 : 2 5 4 ;  M i c h e n e r ,  1 9 7 0 ) .
P r i n c i p a l  c o m p o n en t s  a n a l y s i s  i s  a  m u l t i v a r i a t e  t e c h n i q u e  t h a t  
a t t e m p t s  t o  e x p l a i n  r e l a t i o n s h i p s  among s e v e r a l  d i f f i c u l t - t o - i n t e r p r e t , 
i n t e r - c o r r e l a t e d  c h a r a c t e r s  i n  t e r m s  o f  a  few c o n c e p t u a l l y  m e a n i n g f u l ,  
r e l a t i v e l y  i n d e p e n d e n t  f a c t o r s .  T h i s  i s  a c c o m p l i s h e d  i n  su ch  a m anner  
a s  t o  a c c o u n t  f o r  a s  much o f  t h e  t o t a l  v a r i a t i o n  i n  t h e  d a t a  s e t  a s  
p o s s i b l e  w i t h  a s  few  o f  t h e s e  f a c t o r s  a s  p o s s i b l e .
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The b a s i c  d a t a  m a t r i x  f ro m  w h ic h  PC w ere  e x t r a c t e d  was a  s i n g l e  
c o r r e l a t i o n  m a t r i x .  I n  t h e  p r e s e n t  s t u d y ,  c h a r a c t e r  c o r r e l a t i o n  
m a t r i c e s  were  a n a l y z e d  s e p a r a t e l y  f o r  m a l e s  and  f e m a l e s .  T h e se  m a t r i c e s  
show t h e  c o r r e l a t i o n s  b e t w e e n  c h a r a c t e r s  o v e r  a l l  s am p le  l o c a l i t i e s  
u s i n g  t h e  l o c a l i t y  means  a s  o r i g i n a l  d a t a .  The o r i g i n a l  raw  d a t a  s e t  
( l o c a l i t y  m ean s )  c a n  b e s t  be  v i s u a l i z e d  a s  a n  am orphous  c l o u d  o f  p o i n t s  
( w i t h  e a c h  p o i n t  r e p r e s e n t i n g  an  i n d i v i d u a l  s am p le  l o c a l i t y )  i n  an 
n - d i m e n s i o n a l  c h a r a c t e r  s p a c e .  Fo r  e x a m p l e ,  i f  o n l y  two c h a r a c t e r s  a r e  
m e a s u r e d  f o r  s p e c i m e n s  i n  a  s am p le  l o c a l i t y ,  t h e n  t h e  l o c a l i t y  means o f  
t h e  two c h a r a c t e r s  may be  r e p r e s e n t e d  by one p o i n t  i n  a s i m p l e  
2 - d i m e n s i o n a l  s p a c e  i n  w h ic h  t h e  number o f  d i m e n s i o n s  c o r r e s p o n d  t o  t h e  
two c h a r a c t e r s .  T h i s  a l s o  may be  d e p i c t e d  by a  s i m p l e  b i v a r i a t e  
s c a t t e r g r a m  d i a g r a m  ( C a r t e s i a n  X-Y a x e s )  w i t h  one p o i n t .  I f  many 
l o c a l i t i e s  a r e  t o  be  c o m p a r e d ,  t h e n  t h e  l o c a l i t y  means o f  t h e  two 
c h a r a c t e r s  c an  l i k e w i s e  be  p l o t t e d  a s  p o i n t s  r e l a t i v e  t o  t h e  X-Y a x e s .
I f  t h e r e  w ere  t h r e e  c h a r a c t e r s ,  a  3 - d i m e n s i o n a l  m ode l  m ig h t  be  d e v i s e d  
w i t h  l o c a l i t y  means p l o t t e d  t h e r e i n ,  a n d ,  a s  i n  t h e  2-D c a s e ,  e ac h  
c h a r a c t e r  r e p r e s e n t s  a n  a x i s  w h ic h  i s  p e r p e n d i c u l a r  t o  e v e r y  o t h e r  a x i s .  
Beyond t h r e e  d i m e n s i o n s  t h e  s y s t e m  i s  s i m i l a r ;  a  l o c a l i t y  mean may be 
l o c a t e d  i n  an  n - d i m e n s i o u a l  p h e n e t i c  h y p e r s p a c e ,  a l t h o u g h  a model may 
n o t  be  c o n s t r u c t e d .  I n  t h i s  s t u d y ,  t h e  b e s t  r e p r e s e n t a t i o n  o f  a sam p le  
l o c a l i t y  mean would  be a p o i n t  i n  3 5 - d i m e u s i o n a 1 s p a c e ,  h e n c e ,  t h e  
am orphous  c l o u d  a n a l o g y .
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The f i r s t  s t e p  i n  a PCA i s  t o  c a l c u l a t e  a c o r r e l a t i o n  m a t r i x  f ro m  
t h e  o r i g i n a l  raw  d a t a  m a t r i x  {26 l o c a l i t y  means by 35 c h a r a c t e r s  f o r  
m a l e s  and  22 l o c a l i t y  means  f o r  f e m a l e s ) .  PCA can  r e d u c e  t h e  l a r g e  
number o f  c h a r a c t e r s  w h ic h  a r e  h i g h l y  i n t e r c o r r e l a t e d  i n  t h e i r  p a t t e r n s  
o f  g e o g r a p h i c  v a r i a t i o n  i n t o  a s m a l l e r  number o f  m i n i m a l l y  c o r r e l a t e d  
d e s c r i p t i v e  f a c t o r s .  The t o t a l  v a r i a t i o n  i n  t h e  d a t a  m a t r i x  w i t h  r e g a r d  
t o  c h a r a c t e r s  C , ,  C*, . . . , C3 5  may be  m a t h e m a t i c a l l y  d e f i n e d  t o  be 
t h e  sura o f  t h e  i n d i v i d u a l  s am p le  v a r i a n c e s  ( s * )  o f  t h e s e  c h a r a c t e r s :  
t o t a l  v a r i a t i o n  = s,^ + s^^ + . . . ,  + The t o t a l  v a r i a t i o n  i s  t h u s
a m e a s u r e  o f  t h e  amount o f  " u n c e r t a i n t y "  a s s o c i a t e d  w i t h  t h e  
o b s e r v a t i o n s  on  a l l  35 c h a r a c t e r s .  By u n c e r t a i n t y ,  I  r e f e r  t o  how much 
t h e  l o c a l i t y  means f o r  e a c h  c h a r a c t e r  d i f f e r  f rom  one a n o t h e r .  I f  a l l  
means  f o r  a  g i v e n  c h a r a c t e r  a r e  e x a c t l y  t h e  sam e ,  no u n c e r t a i n t y  a b o u t  
what v a l u e  t o  e x p e c t  f o r  a  c h a r a c t e r  w ou ld  e x i s t . I f  t h e  means  a r e  
q u i t e  v a r i a b l e ,  c o n s i d e r a b l e  u n c e r t a i n t y  would  e x i s t .
The f i r s t  p r i n c i p a l  com ponen t  (P C I )  i s  a w e i g h t e d  l i n e a r  
c o m b i n a t i o n  o f  t h e  v a r i a b l e s  w h ich  a c c o u n t s  f o r  t h e  l a r g e s t  p r o p o r t i o n  
o f  t h e  t o t a l  v a r i a t i o n  i n  t h e  d a t a  s e t :  PCI = w ,C ,  + w^Cj + . . .
W3 5  C 3 S . No o t h e r  l i n e a r  c o m b i n a t i o n  o f  C ' s  ( c h a r a c t e r s )  w i l l  h a v e  a s  
l a r g e  a  v a r i a n c e  a s  P C I .  The s e t  o f  w e i g h t i n g  c o e f f i c i e n t s  (w) 
d e t e r m i n e  t h e  p o s i t i o n  o f  e a c h  mean on  t h e  PC a x e s .  S i n c e  t h e  C ' s  were  
s t a n d a r d i z e d  (3E = 0 ,  s * = l ) ,  t h e  t o t a l  p o s s i b l e  v a r i a n c e  i s  3 5 .  As a n  
e x a m p l e ,  f ro m  T a b l e  1 6 ,  t h e  v a r i a n c e  o f  PCI i s  1 6 . 9 5  and  PCI a c c o u n t s  
f o r  48 .4% o f  t h e  t o t a l  v a r i a t i o n .  PCI i s  t h u s  o r i e n t e d  w i t h i n  t h e  c l o u d
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T a b l e  1 6 . — C h a r a c t e r  l o a d i n g s ^  on  t h e  f i r s t  t h r e e  p r i n c i p a l  
c o m p o n e n t s  (PC) o f  i n t e r l o c a l i t y  p h e n e t i c  v a r i a t i o n  i n  F e l i s  r u f u s  
m a l e s .
C h a r a c t e r PCI PC I I PC I I I
GSL 0 , 6 1 2 - 0 . 7 4 9 0 . 0 3 3
CBL 0 . 7 4 9 - 0 . 6 1 4 0 . 1 2 3
PL 0 . 7 2 4 - 0 . 5 5 1 0 . 2 3 4
NL 0 . 6 7 6 - 0 . 3 7 9 0 . 4 2 8
PPL 0 . 7 2 4 - 0 . 4 5 8 0 . 0 6 4
MB 0 . 6 7 2 - 0 . 5 5 0 0 . 1 2 8
ZB 0 . 8 6 2 - 0 . 2 7 4 0 .1 8 1
POP 0 . 7 6 3 - 0 . 1 6 8 0 . 2 6 4
POB 0 . 3 0 5 0 . 0 8 3 - 0 . 4 4 3
lOB 0 . 8 0 8 - 0 . 1 6 5 0 . 2 5 3
MTR 0 . 6 7 5 - 0 . 4 6 7 - 0 . 1 5 7
RBC 0 . 7 9 6 0 .4 0 1 0 . 1 0 0
RBP 0 . 8 5 3 0 .3 2 5 0 . 2 1 8
CB 0 . 2 9 0 - 0 . 4 8 3 - 0 . 4 0 1
CH 0 . 7 4 0 - 0 . 3 7 9 0 . 1 8 5
DJ 0 . 6 5 5 - 0 . 2 9 5 0 . 2 3 4
MRL 0 . 8 9 7 0 . 2 5 8 - 0 . 0 7 5
DL - 0 . 0 2 6 - 0 . 8 9 0 - 0 . 1 8 0
LJ 0 . 8 0 6 - 0 . 4 8 5 0 . 1 5 4
TJ 0 . 7 4 6 0 . 4 2 0 0 . 2 0 5
UCW 0 . 6 8 9 0 . 5 6 2 0 . 2 6 4
UCL 0 . 7 1 6 0 . 4 8 3 0 . 1 4 3
UP3W 0 . 6 0 1 0 . 4 5 5 0 . 1 1 1
UP3L 0 . 8 5 6 0 . 3 3 5 - 0 . 1 2 0
UP4L 0 . 6 9 8 0 . 0 2 0 - 0 . 4 5 5
UP4W 0 . 7 0 3 0 . 5 6 2 0 . 1 5 5
UP4P 0 . 7 5 7 0 . 0 4 2 - 0 . 4 0 9
UP4M 0 . 5 5 7 - 0 . 0 8 4 - 0 . 4 2 0
LMW 0 . 7 4 2 0 . 4 7 4 0 . 0 8 4
LML 0 . 6 9 1 0 . 5 0 2 - 0 . 1 7 4
LMTL 0 . 6 5 4 0 . 1 0 8 —0 . 4 8 6
LMPL 0 . 6 2 6 0 . 1 1 7 - 0 . 4 1 1
LP4P 0 . 4 0 9 - 0 . 2 2 0 - 0 . 6 5 6
LP4L 0 . 7 8 3 0 . 1 5 2 - 0 . 3 5 9
LP4W 0 . 7 2 1 0 . 4 7 6 0 . 0 1 2
E i g e n v a l u e 1 6 .9 4 7 6 . 2 4 9 2 . 7 6 5
% v a r i a t i o n 4 8 . 4 2 1 7 .8 5 7 . 9 0
A c c u m u l a t e d  % 4 8 . 4 2 6 6 . 2 7 7 4 .1 7
^ C o r r e l a t i o n s  o f l o c a l i t y  m eans o f  i n d i v i d u a l  c h a r a c t e r s  w i t h t h e
i n d i v i d u a l  com p o n en t  l o a d i n g s .
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o f  d a t a  p o i n t s  i n  t h e  d i r e c t i o n  o f  maximum v a r i a n c e  among t h e  
l o c a l i t i e s .  The same p r o c e d u r e  i s  r e p e a t e d  t o  o b t a i n  c o e f f i c i e n t s  f o r  
t h e  r e m a i n i n g  p r i n c i p a l  c o m p o n e n t s .  The s e c o n d  component  ( P C l l )  w i l l  be 
o r t h o g o n a l  (90  d e g r e e  a n g l e )  t o  P C I ,  s i n c e  we s e e k  m u t u a l l y  u n c o r r e l a t e d  
f a c t o r s ,  and  l i k e w i s e  P C I I I ,  PCIV, e t c .  w i l l  a l s o  be  l o c a t e d  
p e r p e n d i c u l a r  t o  a l l  p r e v i o u s l y  fo rm ed  component  a x e s .  As e a c h  
com ponent  i s  f o r m e d ,  an  i n c r e a s i n g  p r o p o r t i o n  o f  t h e  v a r i a t i o n  i n  t h e  
d a t a  s e t  i s  a c c o u n t e d  f o r .  I n t e r c o r r e l a t i o n s  among c h a r a c t e r s  a r e  o f t e n  
s u f f i c i e n t l y  h i g h  t h a t  o n l y  a s m a l l  number o f  p r i n c i p a l  component a x e s  
w i l l  a c c o u n t  f o r  m os t  o f  t h e  v a r i a t i o n  i n  t h e  o r i g i n a l  d a t a  m a t r i x  
(Rohwer and  K i l g o r e ,  1 9 7 3 : 1 6 0 ) .
S k u l l  c h a r a c t e r s  w ere  p r e v i o u s l y  d e m o n s t r a t e d  t o  be  c o r r e l a t e d  i n  
t h e i r  g e o g r a p h i c  p a t t e r n s  o f  v a r i a t i o n ;  t h e y  were  s u b j e c t e d  t o  p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s  t o  r e d u c e  t h e  i n i t i a l  c h a r a c t e r  s u i t e  t o  a  much 
s m a l l e r  s e t  o f  u n c o r r e l a t e d  f a c t o r s .  S i x  p r i n c i p a l  co m p o n en t s  were  
e x t r a c t e d  f o r  m a l e s  b a s e d  on a  s t a n d a r d i z e d  m a t r i x  o f  26 s am p le  l o c a l i t y  
means  f o r  35 c h a r a c t e r s  w h i l e  s e v e n  f a c t o r s  w e re  e x t r a c t e d  f ro m  a 
s i m i l a r  m a t r i x  o f  2 2  f e m a l e  s am p le  l o c a l i t y  means  f o r  t h e  same 
c h a r a c t e r s .  The s i x  c o m p o n en t s  a c c o u n t e d  f o r  86.1% o f  t h e  t o t a l  
i n t e r  l o c a l i t y  p h e n e t i c  v a r i a n c e  f o r  m a l e s .  T a b l e  16 l i s t s  t h e  c h a r a c t e r  
l o a d i n g s ,  w h ich  a r e  d e f i n e d  t o  be  c o r r e l a t i o n  c o e f f i c i e n t s  b e tw ee n  t h e  
l e v e l  o f  i n t e r l o c a l i t y  v a r i a t i o n  o f  t h e  c h a r a c t e r s  and  e a c h  o f  t h e  f i r s t  
t h r e e  p r i n c i p a l  com ponen t  a x e s  w i t h  48.4% o f  t o t a l  v a r i a n c e  e x p l a i n e d  by 
P C I ,  17.9% i n  P C I I ,  and  7.9% on P C I I I .  S k u l l  c h a r a c t e r s  f o r  f e m a l e s
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w ere  s l i g h t l y  l e s s  h i g h l y  c o r r e l a t e d  t h a n  t h o s e  o f  t h e  m a le  s a m p l e s ,  and 
c o n s e q u e n t l y ,  s e v e n  c o m p o n en t s  had  e i g e n v a l u e s  g r e a t e r  t h a n  u n i t y  and  
e x p l a i n e d  8 8 . 6 % o f  t h e  p h e n e t i c  v a r i a t i o n  w i t h  44.9% on  component  I ,  
16.8% on  I I  and  8.4% on I I I  ( T a b l e  1 7 ) .  T h i s  a n a l y s i s  i n d i c a t e d  t h a t  
t h e r e  was  l i t t l e  d i s t o r t i o n  i n  d i s t a n c e s  when r e d u c i n g  t h e  
3 5 - d i m e n s i o n a l  c h a r a c t e r  m a t r i c e s  t o  s i x  o r  s e v e n  d i m e n s i o n s .
F o r  b o t h  s e x e s ,  com ponent  I  r e p r e s e n t e d  a g e n e r a l  s k u l l  s i z e  
f a c t o r ,  s i n c e  m os t  c h a r a c t e r s  showed r e l a t i v e l y  h i g h  and  p o s i t i v e  
l o a d i n g s ,  i n d i c a t i n g  p o s i t i v e  c o r r e l a t i o n  o f  t h e  c h a r a c t e r s  w i t h  t h i s  
f a c t o r .  F o r  m a l e s ,  h o w e v e r ,  DL l o a d e d  n e g a t i v e l y ,  i n d i c a t i n g  an  i n v e r s e  
r e l a t i o n s h i p  t o  g e n e r a l  s i z e .  POB an d  CB showed somewhat weak 
c o r r e l a t i o n s  t o  g e n e r a l  s i z e .  Fo r  f e m a l e s ,  a l l  l o a d i n g s  were  p o s i t i v e ,  
w i t h  t h e  w e a k e s t  r e l a t i o n s h i p  t o  g e n e r a l  s i z e  e x h i b i t e d  by t h e  f o u r t h  
u p p e r  p r e m o l a r  b l a d e  l e n g t h  (U P 4 P ) . Component I  was d e s c r i b e d  a s  a  s i z e  
f a c t o r  b e c a u s e  a l l  c h a r a c t e r s  w e re  d i m e n s i o n a l  ( s i z e - r e l a t e d ) ,  and  t h i s  
com ponent  r e p r e s e n t e d  t h e  g e n e r a l  s i z e  f a c t o r  a s  i s  o f t e n  t r u e  o f  
m o r p h o m e t r i c  s t u d i e s  ( B l a c k i t h  and  R e y m e n t , 1 9 7 1 : 1 4 7 - 1 5 0 ;  R ead ,  1 9 8 1 ) .
Component I I  f o r  m a l e s  had  r e l a t i v e l y  h i g h  p o s i t i v e  l o a d i n g s  f o r  
c h a r a c t e r s  d e s c r i b i n g  t h e  w i d t h  o f  t h e  r o s t r u m ,  m a n d i b l e  t h i c k n e s s ,  and  
t h e  s h a p e  o f  t h e  d e n t i t i o n ,  p a r t i c u l a r l y ,  t h e  w i d t h  o f  t h e  u p p e r  c a n i n e  
a n d  b o t h  c a r n a s s i a l s .  T h e s e  h i g h  p o s i t i v e  l o a d i n g s  i n c l u d e d  RBC, RBP,
D J , UCW, UCL, UP3W, UP4W ( u p p e r  c a r n a s s i a l ) ,  LMW ( l o w e r  c a r n a s s i a l ) ,
LML, and  LP4W. H igh  n e g a t i v e  l o a d i n g s  o c c u r r e d  f o r  g e n e r a l  c r a n i a l  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
79
T a b l e  1 7 . — C h a r a c t e r  l o a d i n g s ^  on  t h e  f i r s t  t h r e e  p r i n c i p a l  
c o m p o n e n t s  (PC) o f  i n t e r l o c a l i t y  p h e n e t i c  v a r i a t i o n  i n  F e l i s  r u f u s  
f e m a l e s .
C h a r a c t e r PC I PC I I PC I I I
GSL 0 . 7 9 5 - 0 . 5 7 3 0 . 0 6 3
CBL 0 . 8 8 5 - 0 . 3 9 1 0 . 0 7 4
PL 0 . 8 0 2 - 0 . 3 8 1 0 . 1 1 5
NL 0 . 5 9 8 - 0 . 3 9 2 - 0 . 1 8 0
PPL 0 . 8 3 2 - 0 . 4 0 3 - 0 . 0 4 3
MB 0 . 8 3 1 - 0 . 4 4 3 - 0 . 1 3 9
ZB 0 . 9 2 7 - 0 . 1 1 1 - 0 . 2 6 6
POP 0 . 8 0 0 0 . 0 1 0 - 0 . 4 4 2
POB 0 . 4 0 1 0 . 2 9 2 - 0 . 2 8 6
lOB 0 . 7 3 2 0 . 0 7 3 - 0 . 4 2 5
MTR 0 . 8 1 4 - 0 . 4 0 1 0 . 2 7 5
RBC 0 . 7 3 3 0 . 3 0 0 - 0 . 4 5 5
RBP 0 . 7 4 9 0 .3 0 1 - 0 . 3 2 8
CB 0 . 5 5 7 - 0 . 4 2 6 0 . 1 6 8
CH 0 . 7 9 0 - 0 . 3 9 3 - 0 . 0 3 2
DJ 0 . 7 4 5 - 0 . 2 8 1 - 0 . 0 4 0
MRL 0 . 8 7 5 0 . 0 9 8 0 . 2 6 0
DL 0 . 3 7 0 - 0 . 7 9 0 0 .1 5 7
LJ 0 . 8 4 3 - 0 . 4 5 5 - 0 . 0 5 6
TJ 0 . 5 6 4 0 .4 6 6 - 0 . 3 2 2
UCW 0 . 5 9 4 0 .6 5 4 - 0 . 1 9 5
UCL 0 . 7 2 6 0 . 5 9 6 - 0 . 0 1 6
UP3W 0 . 5 5 2 0 . 6 1 5 - 0 . 0 5 3
UP3L 0 . 7 4 1 0 . 3 1 8 0 . 0 2 0
UP4L 0 . 6 2 9 - 0 . 0 0 5 0 . 6 6 1
UP4W 0 . 5 3 3 0 . 6 4 3 0 . 0 1 1
UP4P 0 . 3 6 7 0 . 1 8 5 0 . 2 7 8
UP4M 0 . 5 2 0 0 . 1 1 2 0 . 4 9 8
LMW 0 . 6 3 2 0 . 6 1 3 - 0 . 0 3 9
LML 0 . 4 6 0 0 . 4 3 5 0 . 4 8 3
LMTL 0 .4 4 1 - 0 . 1 4 9 - 0 . 0 2 7
LMPL 0 . 3 6 0 0 . 0 8 8 0 . 1 1 5
LM4P 0 . 0 1 4 0 . 3 1 9 0 . 6 0 5
LM4L 0 . 7 0 7 0 . 3 2 6 0 . 3 5 2
LP4W 0 , 5 3 5 0 .5 3 4 0 . 3 9 8
E i g e n v a l u e 1 5 ,7 1 5 5 . 8 6 8 2 . 9 3 0
% v a r i a t i o n 4 4 . 9 0 1 6 .7 7 8 . 3 7
A c c u m u la t e d  % 4 4 . 9 0 6 1 . 6 7 7 0 . 0 4
^ C o r r e l a t i o n s o f  l o c a l i t y  m eans  o f i n d i v i d u a l  c h a r a c t e r s  w i t h t h e
i n d i v i d u a l  com ponen t  l o a d i n g s .
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m a n d i b u l a r  s i z e  c h a r a c t e r s ,  p a r t i c u l a r l y  t h o s e  a s s o c i a t e d  w i t h  l e n g t h  
(GSL, CBL, e t c . )  and  m a n d i b u l a r  s i z e  c h a r a c t e r s  su c h  a s  DL and  L J . 
F e m a le s  e x h i b i t e d  a  s t r i k i n g l y  s i m i l a r  p a t t e r n  t o  m a le s  e x c e p t  t h a t  t h e  
w i d t h  l o a d i n g s  w ere  more  a c c e n t u a t e d  and  s k u l l  s i z e  c h a r a c t e r s  w ere  l e s s  
i n v e r s e l y  c o r r e l a t e d  t o  t h i s  d e n t i t i o n  s h ap e  f a c t o r .
I n  c o m p a r in g  t h e  p a t t e r n s  o f  c h a r a c t e r  l o a d i n g s  f o r  m a le s  and 
f e m a l e s ,  c h a r a c t e r s  w i t h  p o s i t i v e  l o a d i n g s  f o r  m a le s  g e n e r a l l y  showed 
n e g a t i v e  l o a d i n g s  f o r  f e m a l e s .  PC I I I  f o r  m a l e s  showed h i g h  p o s i t i v e  
l o a d i n g s  f o r  HL, POP, lOB, and  UCW and  n e g a t i v e  l o a d i n g s  i n  POB, CB, 
UP4L, UP4P, and  UP4M. F e m a le s  h a d  p o s i t i v e  l o a d i n g s  f o r  MTR, MRL, DL, 
and  l e n g t h s  o f  t h e  c a r n a s s i a l s  and  o v e r a l l  s i z e  o f  t h e  l o w e r  p r e m o l a r .  
F e m a le s  showed n e g a t i v e  l o a d i n g s  f o r  c h a r a c t e r s  a s s o c i a t e d  w i t h  t h e  
w i d t h  o f  t h e  s k u l l  and  ja w  t h i c k n e s s .  O v e r a l l ,  I  f e e l  t h a t  PC I I I  
p r o b a b l y  r e p r e s e n t s  s e x  v a r i a t i o n ,  p a r t i c u l a r l y ,  i n  t h e  o r b i t a l  and  
r o s t r a l  r e g i o n s  o f  t h e  s k u l l ,  com bined  w i t h  d e v e lo p m e n t  and  p o s i t i o n  o f  
t h e  c h e e k  t o o t h  r o w s .
P r o j e c t i o n  o f  i n d i v i d u a l  l o c a l i t y  s c o r e s  f o r  b o t h  m a le  and  f e m a l e  
a n a l y s e s  o n t o  t h e  f i r s t  two p r i n c i p a l  com ponent  a x e s  a r e  shown i n  
F i g u r e s  23 and  2 4 .  S a m p le s  a r e  p o s i t i o n e d  a l o n g  PC I  s u c h  t h a t  
l o c a l i t i e s  w i t h  s p e c i m e n s  t h a t  w ere  s m a l l e s t  i n  s i z e  f o r  c h a r a c t e r s  w i t h  
t h e  h i g h e s t  l o a d i n g s  w i l l  be l o c a t e d  t o  t h e  f a r  l e f t .  From t h i s  p o i n t ,  
s a m p l e s  a r e  p o s i t i o n e d  r e l a t i v e  t o  o v e r a l l  s i z e  w i t h  t h o s e  l o c a l i t i e s  
c o n t a i n i n g  t h e  l a r g e s t  i n d i v i d u a l s  l o c a t e d  t o  t h e  r i g h t  o f  t h e  p l o t .
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F o r  m a l e s ,  t h e  s m a l l e s t  b o b c a t s  w ere  fo u n d  i n  e a s t e r n  
M ontana  ; b o b c a t s  o f  medium s i z e  w e re  l o c a t e d  i n  e a s t e r n  W a s h i n g t o n ,  NE 
O r e g o n ,  and  n o r t h e r n  I d a h o ,  w i t h  t h e  l a r g e s t  b o b c a t s  coming s p e c i f i c a l l y  
f ro m  two a r e a s :  t h e  h i g h  e l e v a t i o n  l o c a l i t i e s  o f  s o u t h e a s t e r n  I d a h o  and
t h e  W a s h in g to n  c o a s t .  The s i z e  d i s t r i b u t i o n  d i f f e r e d  s l i g h t l y  f o r  
f e m a l e s .  B o b c a t s  f ro m  t h e  w e s t  s l o p e  o f  t h e  O regon  C a s c a d e s  w ere  t h e  
s m a l l e s t  g r o u p ,  w i t h  t h e  l a r g e s t  b o b c a t s  coming f rom  s o u t h e a s t e r n  and  
s o u t h c e n t r a l  I d a h o  and  s o u t h w e s t e r n  O re g o n .
H i g h l y  c o r r e l a t e d  w i t h  PC I I  w ere  c h a r a c t e r s  r e l a t e d  t o  t h e  s h a p e  
o f  t h e  j a w  and  t e e t h .  The s h a p e  o f  t h e  m a n d i b l e s  was more  c o m p a c t ,  b u t  
w i t h  g r e a t e r  d e v e l o p m e n t  o f  t h e  lo w e r  d e n t a l  a r c a d e  f o r  b o b c a t s  on  t h e  
p o s i t i v e  e n d .  T h e s e  i n d i v i d u a l s  a l s o  e x h i b i t e d  t e e t h  t h a t  w ere  
r e l a t i v e l y  w id e  and  s h o r t  i n  l e n g t h .  I n  c o n t r a s t ,  b o b c a t s  on  t h e  
n e g a t i v e  end  o f  PC I I  d i s p l a y e d  t h e  f o l l o w i n g  m o r p h o l o g i c a l  f e a t u r e s :  
t h i n  j a w s ,  l o n g e r  and n a r r o w e r  r o s t r a ,  l o n g e r  m a n d i b l e s  and  a s h o r t e r  
d e n t a l  a r c a d e ,  r e l a t i v e l y  l o n g e r  and  n a r r o w e r  c a r n a s s i a l s  and  c a n i n e s ,  
and  a  g e n e r a l  l a c k  o f  r o b u s t n e s s .  I l l u s t r a t i v e  e x t r e m e s  on a x i s  I I ,  
w h ic h  r e p r e s e n t s  jaw  and  t o o t h  s h a p e ,  were  b o b c a t s  f ro m  t h e  W a s h in g to n  
c o a s t  and  P u g e t  Sound t r o u g h  w h ic h  w ere  p o s i t i v e ,  r o b u s t ,  and 
t h i c k - t o o t h e d  co m p ared  t o  b o b c a t s  f ro m  t h e  a r i d  h i g h l a n d s  o f  
s o u t h w e s t e r n  I d a h o  and  s o u t h e a s t e r n  O r e g o n .
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PC I I I  was a  b i t  more  o b s c u r e  b u t  p r o b a b l y  r e p r e s e n t e d  s e x u a l  
v a r i a t i o n  i n  s i z e  and  s h a p e  o f  a l l  s k u l l  c h a r a c t e r s .  Most s a m p l e s  o f  
m a l e s  w i t h  h i g h  p o s i t i v e  v a l u e s  f o r  com ponen t  I I I  w ere  d i s t r i b u t e d  a l o n g  
t h e  P a c i f i c  c o a s t ,  e x c e p t  f o r  t h e  B i l l i n g s  a r e a ,  w h ic h  was a n  a n o m a l y .  
Medium v a l u e s  w ere  s e e n  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  s t u d y  a r e a  and  
e x t r e m e  n e g a t i v e  v a l u e s  i n  e a s t e r n  and  c e n t r a l  M o n ta n a .  Fo r  f e m a l e s ,  
t h e  t r e n d  was  n o t  a s  o b v i o u s ,  b u t  seemed o p p o s i t e  t o  m a l e s  i n  t h a t  t h e  
c e n t r a l  t o  e a s t e r n  l o c a l i t i e s  w ere  f o u n d  on  t h e  p o s i t i v e  e n d ,  w h i l e  t h e  
c o a s t a l  a r e a s  p r e d o m i n a t e d  on  t h e  n e g a t i v e  end  o f  PC I I I .
P r i n c i p a l  com ponen t  a n a l y s e s  r e v e a l e d  t h r e e  f a i r l y  d i s t i n c t  g r o u p s
o f  b o b c a t s  i n  t h e  s t u d y  a r e a  f o r  b o t h  m a le s  and  f e m a l e s  ( l a b e l e d  A, B, 
and  C i n  F i g s .  23 and  2 4 ) .  The f i r s t  g r o u p  was made up o f  l o c a l i t i e s  
f rom  t h e  P a c i f i c  c o a s t  o f  W a s h in g to n  and  B r i t i s h  C olum bia  ( g r o u p  A ) ,  t h e  
s e c o n d  g r o u p  c o n t a i n e d  l o c a l i t i e s  f rom  t h e  c o a s t  and  w e s t e r n  f o o t h i l l s  
o f  t h e  O regon  C a s c a d e s  ( g r o u p  B ) , and  t h e  t h i r d  g r o u p  c o n s i s t e d  o f  
l o c a l i t i e s  f rom  t h e  s o u t h e r n  h a l f  o f  I d a h o  and  s o u t h w e s t e r n  O re g o n .  I n
F i g u r e  2 3 ,  t h e  r e m a i n i n g  l o c a l i t i e s  t e n d e d  t o  fo rm  a f o u r t h  h i g h l y
v a r i a b l e  g r o u p  (D) i n  t h e  c e n t r a l  i n t e r i o r  o f  t h e  s t u d y  a r e a ,
i n t e r m i n g l e d  w i t h  e l e m e n t s  o f  e a s t e r n  Montana  and  s o u t h e r n  I d a h o .  The 
d i s t i n c t i v e n e s s  o f  t h e s e  g r o u p s  was i n f l u e n c e d  m a i n l y  by a c o m b i n a t i o n  
o f  s k u l l  s i z e  and  t h e  s h a p e  o f  d e n t a l - o r i e n t e u  s t r u c t u r e s .
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C l u s t e r  a n a l y s i s . C l u s t e r  a n a l y s e s  a r e  t e c h n i q u e s  f o r  a n a l y z i n g  
a r r a y s  o f  d a t a  ( i n  t h e  p r e s e n t  s t u d y ,  t h e  d a t a  a r r a y  c o n s i s t s  o f  26 m a le  
and  2 2  f e m a l e  l o c a l i t y  means f o r  35 c h a r a c t e r s )  t o  s e g r e g a t e  g r o u p s  o r  
c l u s t e r s  o f  l o c a l i t i e s  s u c h  t h a t  l o c a l i t i e s  w i t h i n  a  c l u s t e r  a r e  more  
c l o s e l y  r e l a t e d  t h a n  a r e  l o c a l i t i e s  i n  d i f f e r e n t  c l u s t e r s .  A c l u s t e r  
may c o n t a i n  o n l y  one  l o c a l i t y  (weak c l u s t e r )  o r  a l l  p o s s i b l e  l o c a l i t i e s  
( s t r o n g  c l u s t e r )  ( P i m e n t e l ,  1 9 7 9 : 1 6 5 ) .  C l u s t e r i n g  m e th o d s  t e n d  t o  
f o l l o w  a d e f i n i t e  s e q u e n c e  o f  s t e p s  w h ich  a r e  r e p e a t e d  u n t i l  a l l  
l o c a l i t i e s  a r e  p l a c e d  w i t h i n  a  c l u s t e r .  T h e r e  a r e  many c l u s t e r  
a l g o r i t h m s  a v a i l a b l e ;  i n  t h i s  s t u d y ,  two t y p e s  o f  c l u s t e r  a n a l y s e s  
( u n w e i g h t e d  p a i r - g r o u p  m e thod  u s i n g  a r i t h m e t i c  a v e r a g e s  and  a v e r a g e  
l i n k a g e )  w ere  p e r f o r m e d  on  m a le  and  f e m a l e  m a t r i c e s  c o n s i s t i n g  o f  
s t a n d a r d i z e d  l o c a l i t y  means ( S n e a t h  and  S o k a l ,  1973 ;  Dixon and  Brown, 
1 9 7 9 ) .  Moss ( 1 9 6 8 )  d e m o n s t r a t e d  t h a t  s t a n d a r d i z a t i o n  o f  c h a r a c t e r  means 
t o  o b t a i n  e q u a l l y  w e i g h t e d  c h a r a c t e r s  g r e a t l y  i n f l u e n c e d  t h e  c l u s t e r i n g  
o f  l o c a l i t y  m e a n s .
From t h e  o r i g i n a l  d a t a  a r r a y ,  m a t r i c e s  c o n t a i n i n g  b o t h  
p ro d u c t - m o m e n t  c o r r e l a t i o n  c o e f f i c i e n t s  an d  t a x o n o m ic  d i s t a n c e  
c o e f f i c i e n t s  b e tw e e n  t h e  s a m p le  l o c a l i t i e s  f o r  m a l e s  and  f e m a l e s  were  
c a l c u l a t e d  ( S o k a l  and  S n e a t h ,  1 9 7 3 ) .  C o r r e l a t i o n  c o e f f i c i e n t s  c an  be  
i n t e r p r e t e d  a s  m e a s u r e s  o f  c o v a r i a t i o n ,  o r  t h e  e x t e n t  t o  w h ich  c h a n g e s  
i n  c h a r a c t e r  means i n  one  l o c a l i t y  a r e  p a r a l l e l e d  i n  a n o t h e r .  T h u s ,  
c o r r e l a t i o n s  a r e  r e l a t i v e l y  i n d e p e n d e n t  o f  s i z e  and  c l u s t e r  l o c a l i t i e s  
p r i m a r i l y  on  t h e  b a s i s  o f  r e l a t i v e  p r o p o r t i o n s .
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Taxonomie  d i s t a n c e  c o e f f i c i e n t s  e x p r e s s  t h e  d i s s i m i l a r i t y  b e tw e e n  
two l o c a l i t i e s  a s  t h e  g e o m e t r i c  d i s t a n c e  b e tw e e n  l o c a l i t i e s  i n  an  
n - d i m e n s i o n a l  E u c l i d e a n  s p a c e  whose  c o o r d i n a t e  a x e s  a r e  d e f i n e d  by t h e  n. 
c h a r a c t e r s  ( S n e a t h  and  S o k a l ,  1 9 7 3 ;  S k e e l  an d  C a r b y n ,  1 9 7 7 ) .  D i s t a n c e  
p h e n o g ra m s  a r e  l e s s  d e p e n d e n t  on  r e l a t i v e  p r o p o r t i o n s  and  t e n d  t o  g r o u p  
l o c a l i t i e s  m a i n l y  by e v a l u a t i n g  a b s o l u t e  d i f f e r e n c e s  b e tw e e n  n u m e r i c a l  
v a l u e s  o f  c h a r a c t e r s .  C o m p a r i s o n s  by b o t h  m e th o d s  augm ent  e a c h  o t h e r  
and  s h o u l d  be  c o n s i d e r e d  s i m u l t a n e o u s l y  when i n t e r p r e t i n g  phenogram s  
( B i r n e y ,  1 9 7 3 : 1 0 0 ) .
C o r r e l a t i o n  a n d  d i s t a n c e  p h en o g ram s  w ere  com pu ted  s e p a r a t e l y  f o r  
m a l e s  and  f e m a l e s .  C e r t a i n l y ,  t h e r e  was some d i s t o r t i o n  i n  t h e  
c l u s t e r i n g  p r o c e s s  i n  g o i n g  f ro m  a m u l t i - d i m e n s i o n a l  c o r r e l a t i o n  o r  
d i s t a n c e  m a t r i x  t o  a  s i m p l e  t w o - d i m e n s i o n a l  p h e n o g ra m .  C o p h e n e t i c  
c o r r e l a t i o n  c o e f f i c i e n t s  w e re  c a l c u l a t e d  t o  show how c l o s e l y  t h e  
m u l t i - d i m e n s i o n a l  o r i g i n a l  d a t a  m a t r i x  was r e p r e s e n t e d  i n  t h e  r e s u l t a n t  
p h e n o g r a m s .  D i s t a n c e  p h e n o g ra m s  t e n d e d  t o  h a v e  h i g h e r  c o p h e n e t i c  
c o r r e l a t i o n s  t h a n  c o r r e l a t i o n  p h e n o g ra m s  ( B i r n e y ,  1 9 7 3 : 1 0 0 ) .
S i n c e  t h e  r e s u l t s  o f  t h e  UPGIIA and  a v e r a g e  l i n k a g e  m e thods  were  
s i m i l a r ;  o n l y  t h e  r e s u l t s  o f  t h e  UPGIIA w i l l  be  p r e s e n t e d .  As s u g g e s t e d  
by  R o h l f  ( 1 9 6 8 : 2 5 4 ) ,  t h r e e - d i m e n s i o n a l  m o d e l s  o f  t h e  p r o j e c t i o n  o f  
s am p le  l o c a l i t i e s  o n t o  t h e  t h r e e  p r i n c i p a l  c o m p o n en t s  were  p r e s e n t e d  i n  
c o n j u n c t i o n  w i t h  t h e  two s e t s  o f  m a le  and  f e m a l e  p h e n o g r a m s .
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The c o r r e l a t i o n  phenogram  com puted  f ro m  a m o n g - I o c a l i t i e s  
c o r r e l a t i o n s  f o r  m a l e s  u s i n g  means  o f  33 c h a r a c t e r s  p r o d u c e d  a 
c o e f f i c i e n t  o f  c o p h e n e t i c  c o r r e l a t i o n  o f  0 . 7 6 8 .  The 26 sam ple  
l o c a l i t i e s  ( F i g .  25 )  c l u s t e r e d  i n t o  two p r i m a r y  c l u s t e r s  w h ich  w e re  
s e p a r a t e d  by a c o r r e l a t i o n  o f  0 . 2 5 5 .  The u p p e r  c l u s t e r ,  d o m i n a t e d  by 
c o a s t a l  s a m p l e s ,  c o n t a i n e d  two m a j o r  g r o u p s  w h ic h  w ere  s e p a r a t e d  a t  
p o s i t i v e  c o r r e l a t i o n s  o f  n e a r  z e r o  v a l u e s .  The f i r s t  g r o u p  i n c l u d e d  
w e s t e r n  W a s h in g to n  and  B. C. l o c a l i t i e s  n o r t h  o f  t h e  Columbia  R i v e r ,  
t o g e t h e r  w i t h  two f a s c i a t u s  s a m p l e s  f ro m  t h e  s o u t h e r n  h a l f  o f  O re g o n .  A 
s e c o n d  g r o u p  i n c l u d e d  f a s c i a t u s  l o c a l i t i e s  f ro m  t h e  n o r t h e r n  h a l f  o f  
O r e g o n ,  com bined  w i t h  l o c a l i t i e s  f ro m  n o r t h e a s t e r n  W a s h i n g t o n ,  
n o r t h c e n t r a l  I d a h o ,  and  e a s t e r n  M o n tan a .  The lo w e r  c l u s t e r  c o n t a i n e d  
t h r e e  g r o u p s ,  t h e  s m a l l e s t  o f  w h ic h  was a c l u s t e r  c o n s i s t i n g  o f  K lam ath  
Coun ty  and  t h e  B lue  M o u n t a i n s .  A s e c o n d  g r o u p  c o n s i s t e d  o f  e a s t e r n  
W a s h in g to n  and  s o u t h c e n t r a l  M o n ta n a .  The m a in  c l u s t e r  was c o m p r i s e d  o f  
l o c a l i t i e s  f ro m  s o u t h e r n  I d a h o ,  H a rn ey  B a s i n ,  and  s o u t h w e s t e r n  M o n tan a .  
The Montana  l o c a l i t y  i s  s e p a r a t e d  f ro m  i t s  n e a r e s t  n e i g h b o r  by t h e  v e r y  
r u g g e d  B i t t e r r o o t  M o u n ta i n s  ( C o n t i n e n t a l  D i v i d e ) ,  b u t  y e t  t h r o u g h o u t  
t h i s  s t u d y  t e n d e d  t o  b e  a s s o c i a t e d  w i t h  l o c a l i t i e s  f ro m  s o u t h e r n  I d a h o .  
The c o e f f i c i e n t  o f  c o p h e n e t i c  c o r r e l a t i o n  f o r  t h e  m a le  c o r r e l a t i o n  
p henogram  was 0 . 7 6 8 .  As shown i n  F i g .  2 6 ,  t h e  c o r r e l a t i o n  phenogram  was 
q u i t e  s i m i l a r  f o r  f e m a l e s  b u t  w i t h  a  s l i g h t l y  l o w e r  c o p h e n e t i c  
c o e f f i c i e n t  o f  0 . 7 3 3 .
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The d i s t a n c e  phenogram  ( F i g .  27 )  had  a  r e l a t i v e l y  h i g h  c o p h e n e t i c  
c o e f f i c i e n t  o f  0 . 8 7 2 .  F our  m a j o r  c l u s t e r s  a r e  s e p a r a t e d  by a d i s t a n c e  
o f  1 . 2 7  o r  g r e a t e r .  Once a g a i n ,  f a s c i a t u s  l o c a l i t i e s  i n  w e s t e r n  
W a s h in g to n  and  n o r t h w e s t  o f  V a n c o u v e r ,  B. C . , fo rm ed  a  v e r y  d i s t i n c t  
c l u s t e r .  F a s c i a t u s  l o c a l i t i e s  f ro m  t h e  n o r t h e r n  h a l f  o f  t h e  Oregon  
C a s c a d e s  w ere  p o s i t i o n e d  w i t h  p a l l e s c e n s  l o c a l i t i e s  f ro m  s o u t h c e n t r a l  
B. C . , n o r t h e a s t  O re g o n ,  e x t r e m e  e a s t e r n  W a s h i n g t o n ,  n o r t h e r n  and  
c e n t r a l  I d a h o ,  an d  e a s t e r n  M o n ta n a ,  The r e m a i n i n g  two s a m p l e s  o f  
f a s c i a t u s  f ro m  s o u t h e r n  O regon  were  l o c a t e d  w i t h  l o c a l i t i e s  f ro m  t h e  
s o u t h e r n  h a l f  o f  I d a h o ,  s o u t h w e s t e r n  M o n tan a ,  and  s o u t h c e n t r a l  
W a s h i n g t o n .  S o u t h c e n t r a l  Montana  s am p le  l o c a l i t i e s  fo rm ed  t h e  r e m a i n i n g  
c l u s t e r .
The d i s t a n c e  phenogram  f o r  f e m a l e s  ( F i g .  28) i s  a s i m i l a r  l i k e n e s s  
t o  t h e  m a le  phenogram  b u t  w i t h  a much lo w er  c o p h e n e t i c  c o r r e l a t i o n  
c o e f f i c i e n t  o f  0 . 6 9 3 .
I n  summary, w e s t e r n  W a s h in g to n  and  B. C. l o c a l i t i e s  r e m a in e d  
d i s t i n c t i v e  when b o t h  p r o p o r t i o n s  an d  s i z e  d i f f e r e n c e s  were  c o n s i d e r e d  
f o r  b o t h  m a l e s  a n d  f e m a l e s .  T h i s  was g e n e r a l l y  n o t  t h e  c a s e  f o r  t h e  
O regon  f a s c i a t u s  l o c a l i t i e s .  The m a l e s  f ro m  E s t a c a d a  and  Blue  R i v e r  
( n o r t h e r n  Oregon C a s c a d e s )  t e n d e d  t o  a s s o c i a t e  w i t h  m a l e s  f rom 
n o r t h e a s t e r n  W a s h i n g t o n ,  w h i l e  t h e  f e m a l e s  c l u s t e r e d  w i t h  t h e  r e m a i n i n g  
two O regon  f a s c i a t u s  l o c a l i t i e s  and  t h e  B i l l i n g s  and  Roundup l o c a l i t i e s  
f ro m  e a s t e r n  M o n ta n a .  M ales  f ro m  S t e v e n s ,  C h a l l i s ,  Powder  R i v e r ,
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R o u ndup ,  B o n n e r ,  Okanogan and  t h e  B lu e  M o u n t a i n s ,  w h ic h  c l u s t e r e d  
t o g e t h e r  on  t h e  b a s i s  o f  s m a l l e r  s i z e  w e r e ,  t h u s ,  most s i m i l a r  t o  m a l e s  
f r o m  E s t a c a d a  and  B lu e  R i v e r ,  b u t  b e c a u s e  o f  d i f f e r e n c e s  o f  p r o p o r t i o n s ,  
t h e  l a t t e r  two l o c a l i t i e s  a r e  a s s o c i a t e d  w i t h  d i f f e r e n t  a r e a s .  Male 
l o c a l i t i e s  f ro m  t h e  s o u t h e r n  h a l f  o f  I d a h o  fo rm ed  d i s t i n c t  c l u s t e r s  on 
t h e  b a s i s  o f  b o t h  s i z e  and  p r o p o r t i o n s ;  t h i s  was n o t  t r u e  f o r  t h e  f e m a l e  
l o c a l i t i e s  when e v a l u a t e d  f o r  s i z e  d i f f e r e n c e s .  I n  e a s t e r n  M o n tan a ,  
m a le  l o c a l i t i e s  a r e  a s s o c i a t e d  more  c o n s i s t e n t l y  w i t h  e a c h  o t h e r  t h a n  
f e m a l e  l o c a l i t i e s  a r e  w i t h  e a c h  o t h e r .
The t h r e e - d i m e n s i o n a l  p r o j e c t i o n s  f o r  b o t h  s e x e s  a r e  a l m o s t  
i d e n t i c a l  t o  t h e  c l u s t e r  r e l a t i o n s h i p s  o b s e r v e d  i n  t h e  d i s t a n c e  
ph en o g ram s  i n  w h ic h  t h e  same b a s i c  g r o u p s  and  i n t e r - r e l a t i o n s h i p s  
p r e v a i l  ( F i g s .  29 and  3 0 ) .
V a l i d a t i o n  o f  S u b s p e c i e s  S t a t u s
The d i s t i n c t i o n  b e tw e e n  F_  ̂ x _ ^  f a s c i a t u s  and  F_ĵ  r_j_ p a l l e s c e n s  h a s  
n e v e r  b e e n  t h o r o u g h l y  d e s c r i b e d  w i t h i n  t h e  s t u d y  a r e a .  A l t h o u g h  some 
m e a n i n g f u l  t r e n d s  o c c u r r e d  i n  t h e  r e l a t i v e  p o s i t i o n  o f  l o c a l i t y  means  
when p l a c e d  a l o n g  t h e  m a j o r  a x e s  o f  v a r i a t i o n  (PCA),  t h e  d e g r e e  t o  w h ich  
t h e  l o c a l i t i e s  c a n  be  s e p a r a t e d  s u b s p e c i f i c a l l y  was n o t  c l e a r l y  
d e m o n s t r a t e d .









F i g .  2 9 . -
• a c t i o n  o f  2 6  m a le  s a m p l e  l o c a l i t i e s
. . T h t e e - d i ^ n s i o n a l ^ p r o i  p r i n c i p a l  c o m p o n e n t s .
o n to  th e  t x r
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To s t u d y  r e l a t i o n s h i p s  b e tw e e n  t h e  two s u b s p e c i e s ,  t h e  35 
c h a r a c t e r s  w e re  a n a l y z e d  u s i n g  s t e p w i s e  m u l t i p l e  d i s c r i m i n a n t  
t e c h n i q u e s .  S i n c e  s e x u a l  d i m o r p h i s m  i n  s i z e  had  b e en  shown t o  o c c u r ,  
i n v e s t i g a t i o n s  w e re  c o n d u c t e d  s e p a r a t e l y  f o r  e a c h  s e x .  The a n a l y s e s  
a s s e s s e d  m o r p h o l o g i c a l  d i f f e r e n c e s  b e tw e e n  t h e  s u b s p e c i e s  and  p r o v i d e d  
i n f o r m a t i o n  d e s c r i b i n g  w h ic h  c h a r a c t e r s  s e p a r a t e  t h e  s u b s p e c i e s  i n  t h e  
d i s c r i m i n a n t  s p a c e .
Most s p e c i m e n s  can  b e  p o s i t i v e l y  a s s i g n e d  t o  one  s u b s p e c i e s  o r  
a n o t h e r .  How ever ,  some i n d i v i d u a l s  f ro m  s y m p a t r i c  l o c a l i t i e s  were  fo u n d  
t o  be  m o r p h o l o g i c a l l y  i n t e r m e d i a t e ,  p r o b a b l y  due  e i t h e r  t o  h y b r i d i z a t i o n  
o f  t h e i r  p a r e n t a l  s t o c k s  o r  t o  v a r i a b i l i t y  w i t h i n  t h e  i n d i v i d u a l  
s u b s p e c i e s  s u ch  t h a t  c h a r a c t e r i s t i c s  o f  f a s c i a t u s  may o v e r l a p  
c h a r a c t e r i s t i c s  o f  p a l l e s c e n s  and  v i c e  v e r s a .
T a b l e  18 l i s t s  t h e  v a r i a b l e s  i n  t h e  o r d e r  i n  w h ic h  t h e y  were  
e n t e r e d  i n t o  t h e  e q u a t i o n s  and  t h e i r  a s s o c i a t e d  d i s c r i m i n a n t  f u n c t i o n  
c o e f f i c i e n t s  com pu ted  f o r  a l l  m a l e s  o f  b o t h  s u b s p e c i e s .  D i s c r i m i n a n t  
s c o r e s  w e re  c a l c u l a t e d  f o r  a l l  s p e c i m e n s  and  i n d i v i d u a l s  w ere  a s s i g n e d  
t o  a  s u b s p e c i e s  g r o u p .  I  a l s o  com pu ted  t h e  p o s t e r i o r  p r o b a b i l i t y  (P )  
f o r  e a c h  i n d i v i d u a l  b e l o n g i n g  t o  e a c h  s u b s p e c i e s  g r o u p .  Most 
p r o b a b i l i t i e s  w e re  g r e a t e r  t h a n  90%, b u t  i n  some i n s t a n c e s  t h e  
p r o b a b i l i t i e s  i n d i c a t e d  o n l y  s l i g h t l y  g r e a t e r  a f f i n i t y  f o r  one 
s u b s p e c i e s  o v e r  t h e  o t h e r .  The minimum l e v e l  f o r  c l a s s i f i c a t i o n  t o  a 
s u b s p e c i e s  was s e t  a t  P > 0 . 5 0 0 .  S p e c im e n s  w e re  c o n s i d e r e d  t o  be
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T a b l e  1 8 . — S t a n d a r d i z e d  an d  u n s t a n d a r d i z e d  d i s c r i m i n a n t  
f u n c t i o n  c o e f f i c i e n t s  f o r  m a l e s . ^
C h a r a c t e r
C o e f f i c i e n t s
S t a n d a r d i z e d U n s t a n d a r d i z e d
DL 0 . 3 0 0 4 9 0 . 2 8 9 0 9
RBP - 0 . 5 8 6 3 3 - 0 . 3 6 7 0 7
GSL 1 .0 4 2 4 7 0 .1 8 7 5 9
UCW - 0 . 3 8 0 3 2 - 0 . 9 4 4 6 4
NL - 0 . 3 0 2 1 4 - 0 . 1 4 1 6 9
RBC - 0 . 4 7 8 6 0 - 0 . 2 6 5 3 1
ZB 0 . 6 1 6 5 6 0 .1 4 9 1 0
LP4P 0 . 1 6 4 7 5 0 .4 9 9 9 1
LMW 0 . 2 4 3 0 4 0 . 8 5 4 4 9
UP4W - 0 . 2 4 0 9 4 - 0 . 4 6 5 9 4
CB 0 . 2 0 7 7 5 0 . 1 8 1 6 6
LJ - 0 . 4 3 0 9 0 - 0 . 1 1 4 6 0
UP3W 0 .2 3 9 6 8 0 . 6 9 5 3 8
POB 0 . 1 6 0 8 3 0 .0 6 1 6 7
DJ - 0 . 1 6 1 9 0 - 0 . 1 5 5 2 0
UP4M 0 .2 4 4 2 9 0 .6 9 7 7 3
LML - 0 . 3 0 0 8 0 - 0 . 4 6 6 8 8
LMPL 0 . 1 9 7 9 0 0 .5 2 7 6 5
TJ - 0 . 1 5 5 0 1 - 0 . 3 1 7 1 9
MB 0 . 1 9 9 9 2 0 .0 8 0 2 4
UCL - 0 . 1 5 2 6 0 - 0 . 3 4 2 9 0
( C o n s t a n t ) — - 1 0 . 9 5 2 8 1
V a r i a b l e s  a r e  l i s t e d  i n  o r d e r  i n  w h i c h  t h e y  w e r e  e n t e r e d  i n t o  t h e  
e q u a t i o n .  S t a n d a r d i z e d  c o e f f i c i e n t s  w e r e  c o m p u te d  by  m u l t i p l y i n g  t h e  
u n s t a n d a r d i z e d  c o e f f i c i e n t  o f  e a c h  v a r i a b l e  by  i t s  p o o l e d  s t a n d a r d  
d e v i a t i o n .
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c o r r e c t l y  i d e n t i f i e d  i f  P > 0 . 8 0 0 .  Waithman and  S o e s t  ( 1 9 7 9 )  u s e d  a 
l e s s  r i g i d  P > 0 . 7 0 0  a s  t h e  l e v e l  f o r  p o s i t i v e  i d e n t i f i c a t i o n  i n  a  k i t  
f o x  ( V u lp e s  m a c r o t i s ) taxonomy s t u d y .  B o b c a t s  a s s i g n e d  t o  e i t h e r  
s u b s p e c i e s  w i t h  0 . 5 0 0  < P < 0 . 8 0 0  w ere  c o n s i d e r e d  t o  be  i n t e r m e d i a t e  and  
o f  l e s s  t h a n  c e r t a i n  a f f i n i t y .
S e v e n t y - t w o  p e r c e n t  o f  a l l  m a l e s  o r i g i n a l l y  a s s i g n e d  t o  f a s c i a t u s  
w ere  " c o r r e c t l y "  a s s i g n e d  t o  t h a t  s u b s p e c i e s  (P > 0 . 5 0 0 )  by t h e  DFA 
p r o c e d u r e .  T w e n ty -o n e  b o b c a t s  o r i g i n a l l y  i d e n t i f i e d  a s  f a s c i a t u s  were  
m i s c l a s s i f l e d  t o  p a l l e s c e n s . H i n e t y - t h r e e  p e r c e n t  o f  a l l  p a l l e s c e n s  
m a l e s  w e re  c l a s s i f i e d  t o  t h a t  s u b s p e c i e s  ( T a b l e  1 9 ) .  E i g h t y - s e v e n  
p e r c e n t  o f  a l l  m a l e s  w e re  c o r r e c t l y  a s s i g n e d  t o  t h e i r  p r o p e r  s u b s p e c i e s .
I n d i v i d u a l s  c l a s s i f i e d  i n  t h e  i n t e r m e d i a t e  g r o u p  ( 0 . 5 0 0  < P <
0 . 8 0 0 )  c a n  b e  c o n s i d e r e d  a s  h y b r i d s  o f  t h e  two s u b s p e c i e s  o r  may be 
l o c a t e d  a t  t h e  e x t r e m e  end  o f  t h e  r a n g e  o f  i n t r a s u b s p e c i f i c  v a r i a t i o n  
( H a r r i s ,  1 9 7 4 ) .  L aw rence  and  E o s s e r t  ( 1 9 6 9 )  p o i n t e d  o u t  t h a t  
d i s c r i m i n a n t  s c o r e s  o f  h y b r i d s  s h o u l d  l i e  b e tw e e n  s c o r e s  o f  t h e  p a r e n t a l  
s t o c k s .  The h i s t o g r a m  p l o t  o f  d i s c r i m i n a n t  s c o r e s  f o r  m a le  i n d i v i d u a l s  
o f  b o t h  s u b s p e c i e s  and  t h e  i n t e r m e d i a t e  g r o u p  show t h i s  t o  be  t r u e  
( F i g s .  3 1 ,  3 2 ) .
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T a b l e  1 9 . — R e s u l t s  o f  t h e  d i s c r i m i n a n t  a n a l y s i s  f o r  m a le  and  
f e m a l e  b o b c a t s .
Male Fem ale
FRF FRF FRF FRF
C e n t r o i d  i n  r e d u c e d  s p a c e - 1 . 5 9  0 . 6 1 1 . 6 3  - 1 . 2 2
4 . 8 2 8 . 0 9
No. o f  c a s e s  c o r r e c t l y  c l a s s i f i e d  (%) 7 2 . 0  9 2 . 9 9 0 . 3  9 2 . 8
C l a s s i f i c a t i o n  s u c c e s s  f o r  g r o u p  (%) 8 7 . 0 8 9 1 . 7 2
C a n o n i c a l  c o r r e l a t i o n  c o e f f i c i e n t 0 . 7 0 2 0 . 8 1 7
W i l k s ' lam bda 0 . 5 0 7 0 . 3 3 3
C h i - s q u a r e 1 7 5 .5 1  
( 2 1  d . f . )
p < 0 . 0 0 1
14 8 .6 2  
(16 d . f . )
p < 0 . 0 0 1








F i g .  3 1 . T—F r e q u e n c y  h i s t o g r a m  o f  m a le  d i s c r i m i n a n t  s c o r e s  f o r  






F i g .  3 2 . — F r e q u e n c y  h i s t o g r a m  o f  f e m a l e  d i s c r i m i n a n t  s c o r e s  f o r  
e a c h  s u b s p e c i e s .
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T w e n ty - o n e  p e r c e n t  o f  a l l  w a l e  s p e c i m e n s  w ere  d e s i g n a t e d  a s  
i n t e r m e d i a t e  o r  m i s c l a s s i f i e d  c o m p l e t e l y  by DFA. I t  i s  u n l i k e l y  t h a t  
many o f  t h e s e  i n d i v i d u a l s  a r e  h y b r i d s  b e c a u s e  t h e  two s u b s p e c i e s  h a v e  a  
r e l a t i v e l y  s m a l l  a r e a  o f  s y m p a t r y  i n  r e l a t i o n  t o  t h e i r  t o t a l  r a n g e  
a r e a s .  I f  t h e  h y b r i d  c r i t e r i o n  i s  a r b i t r a r i l y  s e t  a s  0 . 5 0 0  < P < 0 . 6 0 0 ,  
t h e n  o n l y  t e n  i n d i v i d u a l s  (3 .7% )  w e re  d e s i g n a t e d  a s  h y b r i d s .  F i v e  o f  
t h e  t e n  s p e c i m e n s  w e re  c o l l e c t e d  f rom  l o c a l i t i e s  o f  s y m p a t r y  w here  
g r e a t e r  o p p o r t u n i t y  f o r  c o n t a c t  w i t h  t h e  o t h e r  s u b s p e c i e s  e x i s t s .
An a n a l y s i s  o f  t h e  m i s c l a s s i f i e d  i n d i v i d u a l s  showed t h a t  42.9% o f  
t h e  m i s c l a s s i f i e d  p a l l e s c e n s  m a l e s  came f ro m  n o r t h e r n  I d a h o  (BN22) and 
n o r t h e a s t e r n  W a s h in g to n  (ST08)  w i t h  t h e  r e m a i n d e r  s c a t t e r e d  o v e r  t h e  
t o t a l  s u b s p e c i e s  r a n g e .  One h u n d r e d  p e r c e n t  o f  t h e  m i s c l a s s i f i e d  
f a s c i a t u s  m a l e s  w ere  f ro m  l o c a l i t i e s  s o u t h  o f  t h e  Co lum bia  R i v e r .
The same t y p e  o f  a n a l y s i s  was c a r r i e d  o u t  f o r  f e m a l e s  ( T a b l e  2 0 ) .  
The lo w e r  v a r i a b i l i t y  w i t h i n  t h e  f e m a l e  g r o u p  r e s u l t e d  i n  a  h i g h e r  r a t e  
o f  c l a s s i f i c a t i o n  s u c c e s s .  N i n e t y  p e r c e n t  o f  t h e  f a s c i a t u s  s p e c im e n s  
w e re  c o r r e c t l y  a s s i g n e d  t o  t h a t  s u b s p e c i e s  (P > 0 . 5 0 0 )  w h i l e  93% o f  t h e  
p a l l e s c e n s  i n d i v i d u a l s  w ere  a s s i g n e d  c o r r e c t l y .  N i n e t y - t w o  p e r c e n t  o f  
a l l  f e m a l e s  w ere  c o r r e c t l y  c l a s s i f i e d .
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T a b l e  2 0 . — S t a n d a r d i z e d  and  u n s t a n d a r d i z e d  d i s c r i m i n a n t  
f u n c t i o n  c o e f f i c i e n t s  f o r  f e m a l e s . ^
C h a r a c t e r
C o e f f i c i e n t s
S t a n d a r d i z e d U n s t a n d a r d i z e d
GSL - 1 . 1 3 3 2 1 - 0 . 2 4 6 8
NL 0 . 1 5 3 1 7 0 . 0 7 4 0
PPL - 0 . 3 3 6 8 7 - 0 . 1 4 3 8
ZB - 0 . 5 3 6 3 5 - 0 . 1 5 5 0
MTR - 0 . 9 6 0 5 5 - 0 . 6 8 5 5
RBC 0 .5 1 2 6 6 0 . 3 0 2 9
RBP 0 .4 8 0 7 8 0 . 3 0 4 5
CB - 0 . 2 1 1 9 9 - 0 . 1 9 2 9
DJ - 0 . 3 9 9 7 4 - 0 . 4 3 5 7
DL 0 . 5 4 1 2 7 0 .5 4 8 8
LJ 0 . 6 7 8 3 0 0 . 2 0 3 8
TJ 0 . 4 0 6 7 3 0 . 8 7 7 5
UCW 0 . 5 4 5 7 9 1 .3 5 9 2
UP4L 0 . 3 9 3 9 6 0 . 6 0 5 8
UP4W 0 . 5 2 0 8 2 1 .1 1 5 5
LMTC - 0 . 2 6 8 8 2 - 0 . 5 3 3 0
( C o n s t a n t - 1 9 .2 9 1 4
^ V a r i a b l e s  a r e  l i s t e d  i n  o r d e r  i n  w h i c h  t h e y  w e r e  e n t e r e d  i n t o  t h e  
e q u a t i o n .  S t a n d a r d i z e d  c o e f f i c i e n t s  w e r e  co m p u ted  by  m u l t i p l y i n g  t h e  
u n s t a n d a r d i z e d  c o e f f i c i e n t  o f  e a c h  v a r i a b l e  by  i t s  p o o l e d  s t a n d a r d  
d e v i a t i o n .
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T w e n t y - f o u r  f e m a l e  s p e c i m e n s  (16 .6% )  w ere  d e s i g n a t e d  a s  
i n t e r m e d i a t e  o r  m i s c l a s s i f i e d  (p  < 0 . 8 0 0 ) .  A c c o r d i n g  t o  t h e  d e s i g n a t e d  
h y b r i d  c r i t i e r i o n ,  o n l y  one  (0 ,6% )  i n d i v i d u a l  was c l a s s i f i e d .  F i f t y  
p e r c e n t  o f  t h e  f a s c i a t u s  m i s c l a s s i f i c a t i o n s  came f rom  t h e  O regon  c o a s t  
( c o i l )  w i t h  83.3% s o u t h  o f  t h e  Co lum bia  R i v e r .  Of t h e  p a l l e s c e n s  
m i s c l a s s i f i c a t i o n s ,  t w o - t h i r d s  w e re  f rom  e a s t e r n  M o n tan a .  T h i s  may h a v e  
b e e n  due  t o  t h e  u n u s u a l  s i t u a t i o n  o f  r e v e r s e  s e x u a l  d im o r p h i sm  f o u n d  i n  
t h e  B i l l i n g s  ( B I 2 6 )  a r e a ,  and  t h e  g e n e r a l l y  s m a l l  s i z e  o f  b o b c a t s  f ro m  
t h e  a r e a .
The u n s t a n d a r d i z e d  DF c o e f f i c i e n t s  f o r  b o t h  s e x e s  w ere  u s e d  i n  t h e  
c a l c u l a t i o n  o f  g r o u p  c e n t r o i d s .  D i s c r i m i n a t i o n  b e tw e e n  s u b s p e c i e s  i s  
b a s e d  on  t h e s e  u n s t a n d a r d i z e d  c o e f f i c i e n t s  and  t h e  a s s o c i a t e d  c o n s t a n t .  
F o r  e x a m p l e ,  t o  d e t e r m i n e  t h e  s u b s p e c i e s  i d e n t i t y  o f  an  unknown m a le  
c a r c a s s ,  s k u l l  m e a s u r e m e n t s  o f  t h e  unknown w ould  be  u s e d  t o  o b t a i n  a 
v a l u e  f ro m  t h e  d i s c r i m i n a n t  e q u a t i o n .  A s k u l l  i s  c l a s s i f i e d  a s  t h a t  o f  
a  p a l l e s c e n s  i f  t h e  c a l c u l a t e d  v a l u e  w e re  c l o s e s t  t o  t h e  p a l l e s c e n s  
c e n t r o i d  v a l u e ,  and  a s  a f a s c i a t u s  when c l o s e s t  t o  t h a t  c e n t r o i d  v a l u e .
The m os t  d i s c r i m i n a t i n g  c h a r a c t e r s  f ro m  t h e  f u l l  s e t  f o r  b o t h  s e x e s  
w ere  p r e s e n t e d  i n  T a b l e s  18 and  2 0 .
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E f f e c t s  o f  R i v e r i n e  B a r r i e r s
T h r o u g h o u t  t h i s  s t u d y  I  h a v e  a l l u d e d  t o  t h e  a f f e c t s  t h a t  m a jo r  
p h y s i o g r a p h i c  b a r r i e r s  may h a v e  on  l e v e l s  o f  d i f f e r e n t i a t i o n  w i t h i n  
s u b s p e c i e s .  T h i s  s e c t i o n  c o n s i d e r s  t h e  e f f e c t  o f  a  m a j o r  r i v e r  on t h e  
e x t e n t  o f  d i f f e r e n t i a t i o n  i n  r_^ f a s c i a t u s . Mayr ( 1 9 6 3 )  s u g g e s t e d  
t h a t  r i v e r s  c o u l d  s e r v e  a s  b a r r i e r s  t o  d i s p e r s a l ,  w i t h  t h e  most 
e f f e c t i v e  o n e s  b e i n g  t h o s e  t h a t  c h a n g e  t h e i r  c o u r s e  l e a s t  o f t e n .
R i v e r i n e  b a r r i e r s  c a n  s e p a r a t e  s u b s p e c i e s  o r  c l o s e l y  r e l a t e d  s p e c i e s  
( e . g .  N o r r i s ,  1 9 5 8 ;  H e r s h k o v i t z ,  1 9 6 3 ;  S c h m i d l y ,  1 9 7 9 ) .  W i l l e y  and  
W i l l e y  ( 1 9 6 7 )  showed t h a t  p h o n e t i c a l l y  d i f f e r e n t  p o p u l a t i o n s  f ro m  t h e  
same s u b s p e c i e s  w e re  s e p a r a t e d  by a r i v e r .
The g e n e r a l i z e d  d i s t a n c e  s t a t i s t i c ,  D^, was u s e d  t o  m e a s u re  t h e  
d e g r e e  o f  s e p a r a t i o n  b e tw e e n  m e a s u r e d  s am p le  l o c a l i t i e s .  Based  on  a 
s t e p w i s e  DFA, i t  seemed t h a t  t h e  C o lum bia  R i v e r  a c t e d  a s  an  e f f e c t i v e  
b a r r i e r  t o  d i s p e r s a l  o f  b o b c a t s  on  t h e  w e s t  s i d e  o f  t h e  C ascad e  D i v i d e  
( T a b l e  2 1 ) .  The a n a l y s e s  s u g g e s t e d  t h a t  f e m a l e s  h a v e  e x p e r i e n c e d  a 
g r e a t e r  d e g r e e  o f  s e p a r a t i o n  t h a n  m a l e s .  F e m a le s  a r e  b e l i e v e d  t o  move 
s m a l l e r  d i s t a n c e s  t h a n  m a l e s  and  a r e  p h y s i c a l l y  s m a l l e r  t h a n  m a l e s .
T h i s  may e x p l a i n  t h e  d i f f e r e n c e  i n  l e v e l s  o f  s e p a r a t i o n .  The r i v e r  
r e p r e s e n t s  a  f o r m i d a b l e  p h y s i c a l  b a r r i e r  t o  b o b c a t  movements  i n  t h a t  t h e  
c h a n n e l  w i d t h  a v e r a g e s  700 m. Gray  f o x e s  ( U rocyon  c i n e r e o a r u e n t e u s  
t o w n s e n d i i ) a r e  b e l i e v e d  t o  o c c u r  o n l y  on t h e  s o u t h  s i d e  o f  t h e  C o lum bia  
R i v e r  ( H a l l ,  1 9 8 1 ) .  I  s u b m i t  t h a t  t h e  l a c k  o f  i c e  d u r i n g  w i n t e r  h a s
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T a b l e  2 1 . — D i s c r i m i n a n t  a n a l y s e s  o f  com bined  s p e c i m e n s  
s e p a r a t e d  b y  t h e  C o lu m b ia  R i v e r .
Male Fem a le T o t a l
N 75 62 137
1 6 .2 1 2 3 .8 7 1 2 .9 4
C e n t r o i d  d i s t a n c e 4 . 0 3 4 . 8 9 3 . 5 9
P e r c e n t  c l a s s i f i e d 9 6 . 0 1 0 0 . 0 9 3 . 4
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p r e v e n t e d  b o b c a t s ,  w h ic h  g e n e r a l l y  h a v e  a n a t u r a l  a v e r s i o n  t o  g e t t i n g  
w e t ,  f ro m  c r o s s i n g  t h e  r i v e r  i n  t h i s  a r e a  (Yoakum, 1 9 6 4 ) .
A l s o  o f  i n t e r e s t  a r e  s e p a r a t e  c o m p a r i s o n s  o f  t h e  i n t e n s i t y  o f  
s e x u a l  d im o r p h i s m  on b o t h  s i d e s  o f  t h e  r i v e r .  D a ta  f rom  T a b l e  22 
s u g g e s t s  t h a t  b o b c a t s  f rom  t h e  W a s h in g to n  s i d e  o f  t h e  r i v e r  a r e  
s i g n i f i c a n t l y  more  d i m o r p h i c  (p  < 0 . 0 0 1 )  t h a n  t h o s e  f ro m  t h e  Oregon  
s i d e .
D i f f e r e n t i a t i o n  e n h a n c e d  by r i v e r i n e  b a r r i e r s  was f u r t h e r  
d o c u m en ted  i n  t h a t  t h e  l e v e l s  o f  s u b s p e c i f i c  d i f f e r e n t i a t i o n  v a r i e d  when 
c o m p a r in g  r i v e r s  w i t h  d i f f e r e n t  p h y s i c a l  c h a r a c t e r i s t i c s .  T h r e e  f a c t o r s  
may i n f l u e n c e  t h e  D ^ s t a t i s t i c  when c o m p a r in g  d i f f e r e n t  r i v e r s :  
g e o g r a p h i c  d i s t a n c e  b e tw ee n  p o p u l a t i o n s ,  a v e r a g e  w i d t h  o f  t h e  r i v e r ,  and  
r i v e r  f l o w  r a t e .  I  u s e d  o n l y  t h e  p o p u l a t i o n s  w h ic h  were  c l o s e s t  t o  
t h e i r  r e s p e c t i v e  b a n k s  o f  t h e  r i v e r .  B ec a u se  o f  l i m i t e d  sam p le  s i z e s ,  
s e x e s  i n  t h e s e  p o p u l a t i o n s  w ere  com bined  f o r  t h i s  a n a l y s i s  t o  i n c r e a s e  
t h e  d e g r e e s  o f  f r e e d o m .  T a b l e  23 shows t h e  l a r g e s t  r i v e r ,  t h e  C o lu m b ia ,  
w i t h  t h e  l a r g e s t  d e g r e e  o f  s e p a r a t i o n  b e tw e e n  t h e  C o w l i t z  C o u n ty ,  
W a s h in g to n  (CVJ05) p o p u l a t i o n  and  E s t a c a d a  (ES 10) on  t h e  Oregon s i d e .  I  
a l s o  com pared  t h e  l e v e l  o f  s e p a r a t i o n  b e tw e e n  t h e s e  l o c a l i t i e s  and  t h e i r  
m o s t  a d j a c e n t  p o p u l a t i o n  on t h e  same s i d e  o f  t h e  r i v e r .  The two 
p o p u l a t i o n s  s e p a r a t e d  by t h e  r i v e r  b a r r i e r  were  more  d i f f e r e n t  t h a n  
t h o s e  s e p a r a t e d  o n l y  by s i m i l a r  g e o g r a p h i c  d i s t a n c e s .
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T a b l e  2 2 . — D i s c r i m i n a n t  a n a l y s e s  t o  co m p are  s e x u a l  d im o r p h i s m  
o n  b o t h  s i d e s  o f  t h e  C o lu m b ia  R i v e r .
N o r t h S o u t h
N 67 70
2 4 . 4 8 1 5 .8 2
C e n t r o i d  d i s t r i c t 4 . 9 5 3 . 9 8
P e r c e n t  c l a s s i f i e d 9 8 . 5 9 8 . 6










T a b le  2 3 . — Compar isons  o f  d i f f e r e n t i a t i o n  l e v e l s  f o r  p o p u l a t i o n s  s e p a r a t e d  by t h r e e  r i v e r s  o f  





















R i v e r A bsen t
R i v e r
P r e s e n t N
Average
w i d t h
o f




d i s t a n c e  
b e t .  p o p s ,  
(km)
R iv e r  f low  
r a t e  (CPS)
Columbia - CW05/ES10 32 2 , 9 5 5 . x 700 125 2 1 0 , 0 0 0
CW05/PA0A - 29 1 9 .4 - 115 —
ES10/BL12 - 41 11.7 - 1 2 0 —
N o r t h / S o u t h 137 1 2 .9 700 - *
Snake - PA21/TC16-PI30 62 3 .1 6 1 2 0 2 2 0 15 ,000




The Pend d ' O r e i l l e  R i v e r  i n  n o r t h e a s t e r n  W a s h in g to n  a l s o  seemed t o  
a c t  a s  a  b a r r i e r  t o  movements  b e tw e e n  p o p u l a t i o n s .  The r i v e r  w i d t h  was 
a l m o s t  h a l f  t h a t  o f  t h e  C o lu m b ia ,  and  showed a l m o s t  h a l f  t h e  amount  o f  
d i f f e r e n t i a t i o n  i n  p o p u l a t i o n s  o f  a p p r o x i m a t e l y  t h e  same g e o g r a p h i c  
d w a s t a n c e .  The S nake  R i v e r  was t h e  n a r r o w e s t  o f  t h e  t h r e e  r i v e r s  i n  t h e  
r e s p e c t i v e  a r e a s  o f  c o m p a r i s o n  a n d ,  a c c o r d i n g  t o  D a v i s  ( 1 9 3 9 ) ,  t h e  o n l y  
one  t o  f r e e z e  o v e r  i n  c e r t a i n  n a r r o w  s p o t s  d u r i n g  e x t r e m e l y  c o l d  
w i n t e r s .  I n  t h i s  c a s e ,  D^was lo w e r  t h a n  one  m i g h t  e x p e c t .  The 
a p p r o x i m a t e  g e o g r a p h i c  d i s t a n c e  b e tw e e n  p o p u l a t i o n s  was g r e a t e r ,  b u t  
t h i s  f a c t o r  d i d  n o t  seem t o  i n f l u e n c e  t h e  d i s t a n c e  s t a t i s t i c  a s  much a s  
t h e  e a s e  o f  c r o s s i n g  t h e  r i v e r  on  t h e  w i n t e r  i c e .
I  s h o u l d  c a u t i o n  t h e  r e a d e r  t h a t  t h e  d a t a  d e s c r i b e d  a bove  a r e  o n l y  
p r e l i m i n a r y  i n  n a t u r e  and  a w a i t  c o n f i m a t i o n  by  more  i n t e n s i v e  r e s e a r c h ,  
i n c r e a s e d  s am p le  s i z e s  and  a  more e f f i c i e n t  e x p e r i m e n t a l  d e s i g n .  T h i s  
a s p e c t  o f  t h e  s t u d y  was n o t  a d d r e s s e d  i n  t h e  o r i g i n a l  s t u d y  d e s i g n ,  t h u s  
r e l e g a t i n g  t h e s e  d a t a  t o  p r e l i m i n a r y ,  s p e c u l a t i v e  s t a t u s .
E v a l u a t i o n  o f  C h a r a c t e r  U t i l i t v
In  a d d i t i o n  t o  d e t e r m i n i n g  t h e  d i s c r i m i n a t o r y  a b i l i t y  o f  c h a r a c t e r s  
by PCA and  DFA, a l l  c h a r a c t e r s  w e re  e v a l u a t e d  f o r  t h e i r  u s e f u l n e s s  by 
e s t i m a t i n g  t h e i r  r e l i a b i l i t y  o f  m e a s u r e m e n t  a n d  t h e  amount  o f  r e d u n d a n t  
i n f o r m a t i o n  t h e y  c o n t a i n e d .  R e l i a b i l i t y  o f  m e a s u re m e n t  f o r  c o n t i n u o u s  
c h a r a c t e r s  was e s t i m a t e d  by c a l c u l a t i n g  CV's  o f  r e p e t i t i v e  m e a s u r e m e n t s
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on  " s t an d a rd * *  s k u l l  s p e c i m e n s  ( T a b l e  2 4 ) .  The maximum CV c a l c u l a t e d  f o r  
a  c h a r a c t e r  ( i . e . ,  t h e  m os t  v a r i a b l e  o f  t h e  t h r e e  s p e c i m e n s )  was t h e n  
u s e d  t o  r a n k  t h e  c h a r a c t e r  f o r  r e l i a b i l i t y  ( T a b l e  2 5 ) .  As e x p e c t e d ,  
t h e r e  was  a  c o n s i s t e n t  t e n d e n c y  f o r  s m a l l  c h a r a c t e r s  t o  be  l e s s  r e l i a b l e  
t h a n  l a r g e  o n e s .  Of t h e  15 s m a l l e s t  c h a r a c t e r s  m e a s u r e d ,  n i n e  had  CV's 
g r e a t e r  t h a n  1 .50%; o n l y  two h a d  CV's  l e s s  t h a n  1 ,00% . I n  a d d i t i o n  t o  
b e i n g  l e s s  r e l i a b l e ,  s m a l l e r  c h a r a c t e r s  g e n e r a l l y  r e q u i r e d  more  t im e  t o  
m e a s u r e .
To b e  u s e f u l  i n  m o r p h o l o g i c a l  a n a l y s i s ,  c h a r a c t e r s  s h o u l d  
p o s e s s  r a t h e r  good  d i s c r i m i n a t o r y  v a l u e .  T a b l e  26 showed t h o s e  
c h a r a c t e r s  w h ic h  b e s t  d i s c r i m i n a t e d  a t  t h e  s u b s p e c i f i c  l e v e l .  S i m i l a r  
d a t a  w ere  a l s o  a v a i l a b l e  w i t h  r e s p e c t  t o  d i s c r i m i n a t i o n  o f  s e x  ( T a b l e  
1 4 ) ,  S i x t e e n  c h a r a c t e r s  w e re  fo u n d  t o  h a v e  good  d i s c r i m i n a t o r y  a b i l i t y  
f o r  b o t h  s u b s p e c i f c  and  s e x u a l  c l a s s i f i c a t i o n .
The amount o f  r e d u n d a n t  i n f o r m a t i o n  fo u n d  i n  a c h a r a c t e r  c a n  be 
a s s e s s e d  by e x a m i n i n g  i t s  i n t r a s e x u a l  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  
o t h e r  c h a r a c t e r s  ( T a b l e  2 7 ) .  I f  two c h a r a c t e r s  a r e  h i g h l y  c o r r e l a t e d ,  
o n l y  one  n e e d  b e  m e a s u r e d .  A c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 4 8  ( t h e  
h i g h e s t  e n c o u n t e r e d )  means  t h a t  a l m o s t  90% ( r  s q u a r e d )  o f  t h e  t o t a l  
v a r i a t i o n  o f  one  c h a r a c t e r  c a n  b e  e x p l a i n e d  by t h e  s e c o n d  c h a r a c t e r .









T a b l e  2 4 . — R e l i a b i l i t y  o f  measurem ent  f o r  35 c h a r a c t e r s  r e p e t i t i v e l y  m easu red  on t h r e e  sp ec im e n s  o f  





Specimen 1 Specimen 2 Specimen 3
i r a c t e r X S CV% X S CV% X S cn
GSL 144 .50 0 . 1 0 0 .0 7 136 .13 0 .3 1 0 . 2 2 116.87 0 .0 6 0 .0 5
CBL 127.07 0 .0 6 0 .0 5 125 .50 0 . 0 0 0 . 0 0 106.97 0 . 0 6 0 .0 6
PL 5 3 .8 0 0 . 0 0 0 . 0 0 5 3 .0 0 0 . 1 0 0 .1 9 4 5 .1 3 0 .0 6 0 . 1 3
NL 3 7 .8 0 0 . 2 6 0 . 7 0 3 5 .6 0 0 . 0 0 0 . 0 0 2 9 .5 0 0 .2 6 0 .9 0
PPL 6 4 ,37 0 .0 6 0 .0 9 6 2 .9 0 0 .3 6 0 .5 7 5 3 .1 3 0 .1 5 0 .2 9
MB 6 2 .5 3 0 .0 6 0 .0 9 5 9 .8 3 0 .0 6 0 . 1 0 5 3 .5 0 0 . 1 0 0 .1 9
ZB 100 .67 0 . 0 6 0 .0 6 9 7 .5 0 0 . 0 0 0 . 0 0 8 3 .6 3 0 .0 6 0 .0 7
POP 6 7 .2 7 0 .0 6 0 .0 9 6 9 .6 0 0 . 0 0 0 . 0 0 6 0 .9 3 0 . 1 2 0 .1 9
POB 4 1 .0 7 0 . 0 6 0 .1 5 4 0 .2 3 0 .1 5 0 .3 8 4 1 .6 3 0 .0 6 0 .2 4
lOB 2 8 .1 7 0 .1 5 0 .5 4 31.87 0 .0 6 0 .1 9 2 4 .53 0 .0 6 0 .1 4
MTR 4 2 .4 0 0 . 1 0 0 .2 4 3 9 .37 0 . 2 1 0 . 5 3 3 4 .53 0 .0 6 0 .1 7
RBC 4 1 .0 0 0 . 4 0 0 .9 8 3 6 .4 3 0 .3 8 1 .04 3 0 .53 0 . 1 2 0 .3 8
RBP 4 2 .2 7 0 . 3 2 0 .7 6 4 0 .1 0 0 . 0 0 0 . 0 0 3 6 .23 0 . 0 6 0 .1 7
CB 3 1 .9 3 0 . 1 2 0 .3 6 3 1 .1 0 0 . 0 0 0 . 0 0 2 9 .5 3 0 .0 6 0 . 2 0
CH 4 2 .7 7 0 . 0 6 0 .1 4 4 2 .5 0 0 . 0 0 0 . 0 0 3 3 .60 0 . 2 0 0 .6 0
DJ 1 8 .20 0 . 1 0 0 .5 5 1 7 .53 0 .1 5 0 .8 7 1 4 .40 0 . 1 0 0 .6 9
MRL 3 0 .93 0 .1 5 0 .4 9 2 8 .4 3 0 .0 6 0 . 2 1 2 6 .2 7 0 .0 6 0 .2 3
DL 8 .7 0 0 . 1 0 1 .15 9 .8 0 0 . 2 0 2 .0 4 7 .3 3 0 .1 5 2 .0 8
U 9 2 .5 7 0 . 9 5 1 . 0 2 8 8 .4 0 0 . 1 0 0 . 1 1 74.37 0 .6 7 0 . 9 0
TJ 8 .3 3 0 .1 5 1 .8 3 7 .7 0 0 . 0 0 0 . 0 0 7 .3 3 0 .0 6 0 .8 2
UCW 8 .2 7 0 .0 6 0 .7 3 5 .4 7 0 .0 6 1 . 1 0 4 .3 3 0 .0 6 1 .39
UCL 6 .8 0 0 . 1 0 1 .47 6 .9 3 0 . 0 6 0 .8 7 6 . 0 0 0 . 1 0 1 .67
UP3W 5 .6 3 0 .0 6 1.07 4 .8 0 0 . 0 0 0 . 0 0 4 .7 3 0 .0 6 1 .27
UP3L 10 .73 0 . 1 2 1 .08 9 .2 3 0 . 1 2 1 .25 9 .0 3 0 .0 6 0 . 6 6
UP4L 15.17 0 ,3 1 2 . 0 1 1 4 .00 0 . 0 0 0 . 0 0 1 4 .33 0 . 0 6 0 .4 2
UP4W 7 .7 3 0 .0 6 0 .7 5 6 .4 0 0 . 0 0 0 . 0 0 6 .0 3 0 .0 6 1 . 0 0
UP4P 5 .8 3 0 .0 6 1 .0 3 5 .6 3 0 . 1 2 2 .0 5 5 .9 3 0 .0 6 1 . 0 1



























T a b le  2 4 . — ( c o n t . ,  p .  2)
C h a r a c t e r
Specimen 1 Specimen 2 Specimen 3
X S cv% X S CV% X S CV%
LMW 5.27 0 .1 5 2 .9 0 5 .0 0 0 . 0 0 0 . 0 0 5 .0 3 0 . 0 6 1 .19
LML 1 2 .33 0 . 1 2 0 . 9 4 11 .33 0 .0 6 0 .5 3 11.60 0 . 0 0 0 . 0 0
LMTL 8 .6 3 0 . 2 3 2 . 6 8 7 .9 0 0 . 1 0 1 .27 9 .7 0 0 . 0 0 0 . 0 0
LMPL 5 .7 7 0 .2 5 4 .3 6 5 .4 3 0 .1 5 2 .8 1 6 .1 7 0 . 1 2 1.87
LP4P 5 .0 7 0 .0 6 1 .18 4 .5 7 0 .0 6 1.31 4 .5 0 0 . 0 0 0 . 0 0
LP4L 10.17 0 .0 6 0 .5 9 9 .3 0 0 . 0 0 0 , 0 0 8 .63 0 .0 6 0 . 7 0
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T a b l e  2 5 . — C h a r a c t e r s  f o r  w h i c h  r e l i a b i l i t y  e s t i m a t e s  w e r e  
d e t e r m i n e d .
S e q u e n c e C h a r a c t e r
Maximum
CV% S e q u e n c e C h a r a c t e r
Maximun
CV%
1 CBL 0 . 0 6 19 UP4W 1 . 0 0
2 ZB 0 . 0 7 2 0 LJ 1 . 0 2
3 MB 0 . 1 9 2 1 RBC 1 . 0 4
4 POP 0 . 1 9 2 2 UP3L 1 . 2 5
5 PL 0 . 1 9 23 ÜP3W 1 .2 7
6 GSL 0 . 2 2 24 LP4P 1 .3 1
7 CB 0 . 3 6 25 UCW 1 . 3 9
8 POB 0 . 3 8 26 UCL 1 . 6 7
9 MRL 0 . 4 9 27 TJ 1 . 8 3
1 0 MTR 0 . 5 3 28 LP4W 1 .8 9
1 1 lOB 0 , 5 4 29 UP4L 2 . 0 1
1 2 PPL 0 . 5 7 30 UP4P 2 . 0 5
13 CH 0 . 6 0 31 DL 2 . 0 8
14 LP4L 0 . 7 0 32 UP4M 2 . 6 7
15 RBP 0 . 7 6 33 LMTL 2 . 6 8
16 DJ 0 . 8 7 34 LMW 2 . 9 0
17 NL 0 . 9 0 35 LMPL 4 . 3 6
18 IM . 0 . 9 4
L i s t e d  i n  o r d e r  o f  d e c r e a s i n g  r e l i a b i l i t y .
'CV% = c o e f f i c i e n t  o f  v a r i a t i o n  i n  p e r c e n t .
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T a b l e  2 6 . — C h a r a c t e r s  f rom  t h e  f u l l  c h a r a c t e r  s e t  w h ic h  m o s t  
c o m p l e t e l y  d i s c r i m i n a t e  b e t w e e n  t h e  two s u b s p e c i e s  by  s t e p w i s e  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s . 1
S t e p C h a r a c t e r d . f .
S t a n d a r d i z e d
d i s c r i m i n a n t
c o e f f i c i e n t
P e r c e n t
s e p a r a t i o n ^
1 DL 1 ,4 1 4 * -
2 UCW 2 , 4 1 3 - 0 . 4 9 9 6 . 5
3 GSL 3 , 4 1 2 1 .1 5 3 15 .1
4 RBC 4 , 4 1 1 - 0 . 5 2 3 6 . 8
5 RBP 5 , 4 1 0 - 0 . 5 7 3 7 . 5
6 CB 6 , 4 0 9 0 . 2 3 4 3 . 1
7 UP4W 7 , 4 0 8 - 0 . 3 9 7 5 . 2
8 LMW 8 , 4 0 7 0 . 2 5 7 3 . 4
9 ZB 9 , 4 0 6 0 . 7 3 9 9 . 7
1 0 LP4L 1 0 ,4 0 5 * —
1 1 TJ 1 1 ,4 0 4 - 0 . 3 1 2 4 . 1
1 2 LJ 1 2 , 4 0 3 - 0 . 6 0 8 8 . 0
13 MTR 1 3 ,4 0 2 0 . 4 3 0 5 . 6
14 NL 1 4 , 4 0 1 - 0 . 2 0 0 2 . 6
15 POB 1 5 ,4 0 0 0 . 1 6 5 2 . 2
O nly  t h e  f i r s t  15 s t e p s  a r e  r e c o r d e d .
" P e r c e n t  o f  s e p a r a t i o n  o f  s u b s p e c i e s  a t t r i b u t e d  t o  t h e  v a r i a b l e .  
U l t i m a t e l y  r e p l a c e d  by  a n o t h e r  v a r i a b l e  a t  a  l a t e r  p o i n t .
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T a b l e  2 7 . — C h a r a c t e r  p a i r s  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  
g r e a t e r  t h a n  r  = 0 . 8  b a s e d  on  u n s t a n d a r d i z e d  d a t a .
Sex C h a r a c t e r  p a i r r
F e m a le s GSL CBL .9 4 8
GSL PL .8 5 5






ZB POP .8 1 3
ZB LJ .8 0 0
MRL LP4L .8 0 8
M ales GSL CBL .945
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Ph en o g ram s  com pu ted  f ro m  t h e  c h a r a c t e r  c o r r e l a t i o n  m a t r i c e s  f o r  
b o t h  m a l e s  and  f e m a l e s  a r e  p r e s e n t e d  a s  F i g u r e s  33 and  3 4 .  The 
ph en o g ram s  a r e  t h e  r e s u l t  o f  a  h e i r a r c h i c a l  c l u s t e r  a n a l y s i s  t e c h n i q u e  
w h ic h  e x a m i n e s  a l l  c h a r a c t e r  a s s o c i a t i o n s  a t  a l l  l e v e l s  o f  c o r r e l a t i o n  
and  r e v e a l s  l i n k a g e s  b e tw e e n  g r o u p s  b a s e d  on  t h e  u n w e i g h t e d  a v e r a g e  o f  
t h e  c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  f o r  c h a r a c t e r s  c o m p r i s i n g  t h e  
g r o u p s  (UPGIIA). I n  m a l e s , M R L, CH, RBP, MTR, FOB, and  TJ a l l  add  
h e t e r o g e n e i t y  t o  t h e  c h a r a c t e r  s u i t e .  O t h e r  c h a r a c t e r s  su c h  a s  CBL,
GSL, and  HL c l u s t e r  t o g e t h e r  i n  a  m anner  w h ic h  s u g g e s t s  a d e g r e e  o f  
r e d u n d a n c y .
S c h m id ly  ( 1 9 7 1 )  h a s  d e m o n s t r a t e d  i n  k a n g a r o o  r a t s  ( Dipodymys o r d i i ) 
t h a t  c e r t a i n  c h a r a c t e r  s e t s  can  r e p r e s e n t  s i n g u l a r  a d a p t i v e  c o m p l e x e s .  
T h e re  seemed t o  be  t h r e e  i n d e p e n d e n t  c h a r a c t e r  a s s o c i a t i o n s  i n  c o n c e r t  
w i t h  t h e  s i x  s i n g l e  c h a r a c t e r  l i n k a g e s  m e n t i o n e d  a b o v e .  The l a r g e s t  
c l u s t e r ,  ( A ) ,  was composed o f  c h a r a c t e r s  t h a t  d e s c r i b e  s i z e  and  s h ap e  o f  
t h e  c r a n i u m .  The o n l y  g r o u p  i n d i c a t i n g  s i g n i f i c a n t  r e d u n d a n c y  i n  
i n f o r m a t i o n  c o n t e n t  was  c o m p r i s e d  o f  GSL, CBL, and  liL. I n  t h e  s ec o n d  
m a j o r  c l u s t e r ,  ( B ) ,  w h ic h  was c o m p r i s e d  m a i n l y  o f  u p p e r  d e n t i t i o n  
c h a r a c t e r s ,  no o b v i o u s  r e d u n d a n c y  was p r e s e n t ;  t h e  c h a r a c t e r s  i n  t h i s  
g r o u p  and  t h o s e  r e m a i n i n g  i n  g r o u p  ( C ) ,  made up o f  lo w er  d e n t i t i o n  
m e a s u r e m e n t s ,  a l l  show m o d e r a t e  o r  weak i n t e r c o r r e l a t i o n s  and  t h u s  t h e i r  
r e l a t i v e  i n d e p e n d e n t  i n f o r m a t i o n  c o n t e n t  i s  h i g h .
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F ig .  3 3 .— C o r r e la t io n  phenogram  o f  35 s ta n d a r d iz e d  c h a r a c te r s  
in  m a les













































F i g .  3 4 . — C o r r e l a t i o n  p h e n o g ra m  o f  35 s t a n d a r d i z e d  s i z e  
c h a r a c t e r s  i n  f e m a l e s .
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I t  s h o u l d  be  n o t e d  t h a t  o f  t h e  s i x  s i n g l e  stemmed m a le  c h a r a c t e r s ,  
f i v e  o f  t h e s e  ( D J ,  UTR, 1IRL, CH, POB) show m in im a l  o r  no s i g n i f i c a n t  
g e o g r a p h i c  v a r i a t i o n  ( T a b l e  15) and  be low  a v e r a g e  r e l a t i v e  
i n t e r p o p u l a t i o n  v a r i a b i l i t y  ( T a b l e  5 ) .  A l l  c h a r a c t e r s  e x c e p t  POB a r e  
d i r e c t l y  a s s o c i a t e d  w i t h  t h e  f e e d i n g  a p p a r a t u s  o f  a  b o b c a t .




I n d i v i d u a l  V a r i a t i o n
B o b c a t  s p e c i m e n s  f rom  t h e  n o r t h w e s t e r n  s t a t e s  a p p e a r  t o  be more 
v a r i a b l e  t h a n  r e p o r t e d  f o r  p o p u l a t i o n s  i n  o t h e r  g e o g r a p h i c  r e g i o n s  o f  
t h e  c o u n t r y .  Long ( 1 9 6 8 )  r e p o r t e d  on  b o b c a t s  f ro m  Wyoming and  r e v e a l e d  
t h a t  CV 's  f o r  c r a n i a l  m e a s u r e m e n t s  r a n g e d  f rom  3 . 4 5  (GSL) t o  5 . 9 6  ( l O B ) .  
Read ( 1 9 8 1 ) ,  r e p o r t i n g  on  one  t y p i c a l  l o c a l i t y  f rom  c e n t r a l  T e x a s ,  
showed a n  ev en  w i d e r  r a n g e  o f  v a l u e s  w i t h  16 o f  t h e  26 m e a s u re m e n ts  
h a v i n g  a  CV l a r g e r  t h a n  t h e  u p p e r  l i m i t  r e p o r t e d  by Long ( 1 9 6 8 ) .
Combined c r a n i a l  CV 's  f o r  a l l  n o r t h w e s t e r n  b o b c a t s  r a n g e d  f rom  3 . 8 8  (CB) 
t o  7 . 0 5  ( l O B ) .  I n  a c o m p a r i s o n  o f  12 m e a s u r e m e n t s ,  n o r t h w e s t e r n  b o b c a t  
CV's  a v e r a g e d  5 . 2 3 ,  s l i g h t l y  l e s s  t h a n  t h e  5 . 5 6  r e c o r d e d  f o r  t h e  same 
m e a s u r e m e n t s  o f  t h e  c e n t r a l  T e x a s  p o p u l a t i o n .  S i n c e  t h e  T exas  sam ple  
num bered  o n l y  57 a n i m a l s  f ro m  a  s m a l l  a r e a  a s  o p p o s e d  t o  t h e  
n o r t h w e s t e r n  sam p le  (N=416) f ro m  an  i n o r d i n a t e l y  l a r g e r  a r e a ,  I  would  
h a v e  e x p e c t e d  t h e  l a t t e r  t o  show more v a r i a t i o n .  O v e r a l l ,  t h e  p a t t e r n s  
o f  v a r i a t i o n  a r e  s i m i l a r  b e t w e e n  t h e  two p o p u l a t i o n s .
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S e x u a l  V a r i a t i o n
R e s u l t s  o f  t h e  p r e s e n t  s t u d y  showed t h a t  a d u l t  m a le s  were  4 t o  8 % 
l a r g e r  t h a n  a d u l t  f e m a l e s .  G r i u n e l l  and  D ixon ( 1 9 2 4 : 3 4 4 )  fo und  t h e  
l e v e l  o f  s e x u a l  d im o r p h i s m  f o r  C a l i f o r n i a  b o b c a t s  t o  be  r o u g h l y  
o n e - f o u r t h  l a r g e r  i n  f a v o r  o f  m a l e s .  However ,  t h i s  f i n d i n g  was b a s e d  on 
o n l y  two i n d i v i d u a l s .  A c o m p a r i s o n  o f  o t h e r  c o n s p e c i f i c s  a l s o  show 
m a l e s  l a r g e r  t h a n  f e m a l e s .  Samson ( 1 9 7 9 )  fo u n d  t h a t  a l l  n i n e  
m e a s u r e m e n t s  u s e d  t o  d i s c r i m i n a t e  1 1  s u b s p e c i e s  o f  b o b c a t s  i n d i c a t e d  no 
e v i d e n c e  o f  s e x u a l  d i m o r p h i s m .  The n i n e  m e a s u r e m e n t s  o f  t h e  p r e s e n t  
s t u d y  w h ic h  w e re  e i t h e r  i d e n t i c a l  o r  s i m i l a r  t o  t h o s e  u s e d  i n  Samson"s  
s t u d y  showed t h a t  m a l e s  w ere  s i g n i f i c a n t l y  l a r g e r  t h a n  f e m a l e s .  Read 
( 1 9 8 1 )  r e p o r t e d  t h e  mean p e r c e n t  o f  s e x u a l  d i f f e r e n c e  f o r  b o b c a t s  f o r  
a l l  c h a r a c t e r s  f rom  a c e n t r a l  T e x a s  s am p le  a r e a  a t  5 .7  5 ,  w i t h  a  low o f  
1.6% f o r  POB and a  h i g h  o f  10.34% f o r  h e i g h t  o f  t h e  o c c i p i t a l  b o n e .  
S i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  s e x e s  w e re  e n c o u n t e r e d  i n  17 o f  h i s  26 
m e a s u r e m e n t s .  In  t h e  p r e s e n t  s t u d y ,  34 o f  35 c h a r a c t e r s  e x h i b i t e d  
s i g n i f i c a n t  (P < 0 . 0 0 1 )  s e c o n d a r y  s e x u a l  d im o r p h i s m  i n  s i z e .  I n  b o t h  
s t u d i e s ,  POD d i d  n o t  v a r y  s i g n i f i c a n t l y  b e tw e e n  s e x e s .  The mean%age 
d i f f e r e n c e  b e tw e e n  s e x e s  f o r  t h i s  s t u d y  was 4.6% w h ic h  was s i m i l a r  t o  
t h e  T e x a s  s t u d y .  DL showed no s i g n i f i c a n t  s e x u a l  v a r i a t i o n  i n  T e x a s ,  
b u t  had  t h e  l a r g e s t  p e r c e n t a g e  d i f f e r e n c e  (10 .7% )  i n  t h i s  s t u d y .  The 
m a n d i b u l a r  d i m e n s i o n s  t e n d e d  t o  b e s t  s e p a r a t e  t h e  s e x e s .  I t  a p p e a r s  
t h a t  t h e  g e n e r a l  r a n g e  o f  d i m o r p h i s m  i n  b o t h  s t u d i e s  i s  s i m i l a r ,  b u t  
t h a t  a  g r e a t e r  p e r c e n t a g e  o f  c h a r a c t e r s  i n  t h e  n o r t h w e s t  s t u d y  e x h i b i t
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s e x u a l  v a r i a t i o n .
S e x u a l  d im o r p h i s m  i n  body s i z e  i s  g e n e r a l l y  t h o u g h t  t o  r e s u l t  f rom  
s e x - s p e c i f i c  d i f f e r e n c e s  i n  e i t h e r  r e p r o d u c t i v e  o r  e c o l o g i c a l  s e l e c t i o n  
p r e s s u r e s .  Two e x p l a n a t i o n s  a r e  m os t  commonly g i v e n  f o r  s e l e c t i o n  
f a v o r i n g  s i z e  d i m o r p h i s m :  s e x u a l  s e l e c t i o n  and  i n t e r s e x u a l  c o m p e t i t i o n
a v o i d a n c e .  I n  t h e  c a s e  o f  b o b c a t s ,  t h e s e  a r e  n o t  m u t u a l l y  e x c l u s i v e .  
( B a i l e y ,  1 974 ;  B r i t t e l ,  e t  a l . ,  1 9 7 9 ;  H a l l  and  Newsom, 1978)
D arw in  ( 1 8 7 1 )  p r o p o s e d  t h a t  t h e  l a r g e r  s i z e  o f  one  o f  t h e  s e x e s  
p r o v i d e d  t h a t  s e x  an  a d v a n t a g e  i n  b o t h  i n t r a s e x u a l  c o m p e t i t i o n  f o r  m a t e s  
and  i n t e r s e x u a l  s e l e c t i o n  ( e p i g a m i c  d i s p l a y s )  i n  w h ic h  members o f  one 
s e x  c h o o s e  t o  m a te  w i t h  c e r t a i n  members  o f  t h e  o t h e r .  T hese  a s p e c t s  
c a n n o t  a lw a y s  be  s e p a r a t e d  b e c a u s e ,  i f  t h e r e  i s  a  s e l e c t i v e  a d v a n t a g e  t o  
be  o f  l a r g e r  s i z e ,  t h e n  i t  seems t h a t  t h e r e  s h o u l d  be  s i m u l t a n e o u s  
s e l e c t i o n  on t h e  o t h e r  s e x  i n  f a v o r  o f  t h o s e  who do p r e f e r  t h e  
a d v a n t a g e o u s  t y p e  o f  i n d i v i d u a l s .  B obca t  m a le s  w i l l  t h u s  be l a r g e r  t h a n  
f e m a l e s ,  and  t h e  d i f f e r e n c e  s h o u l d  be  ev en  g r e a t e r  w i t h i n  such  
p o l y g y n o u s  s p e c i e s  w here  t h e r e  i s  g r e a t e r  v a r i a b i l i t y  i n  m a le  
r e p r o d u c t i v e  s u c c e s s  and  t h u s  s t r o n g e r  s e x u a l  s e l e c t i o n  ( S e a r c y ,  
1 9 7 9 : 6 4 9 ) .
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ËraLen and  O r i n g  ( 1 9 7 7 )  h a v e  s u g g e s t e d  t h a t  t h e  i n t e n s i t y  o f  s e x u a l  
s e l e c t i o n  i n c r e a s e s  when t h e  o p e r a t i o n a l  s e x  r a t i o  (OSR) ( " t h e  a v e r a g e  
r a t i o  o f  f e r t i l i z a b l e  f e m a l e s  t o  s e x u a l l y  a c t i v e  m a l e s  a t  any  g i v e n  
t i m e " )  d e v i a t e s  f ro m  u n i t y .  M o r t a l i t y  i s  h i g h e r  among a d u l t  m a le  
b o b c a t s  t h a n  among f e m a l e s  ( B a i l e y ,  1 979 ;  F r i t t s  and  S e a l a n d e r ,  1 9 7 8 ) ,  
p r o b a b l y  d u e  t o  t h e  f a c t  t h a t  m a l e s  t e n d  t o  r a n g e  more w i d e l y  t h a n  
f e m a l e s  ( B a i l e y ,  1 9 7 4 ) .  S i n c e  b o b c a t s  g e n e r a l l y  b r e e d  o v e r  a  p e r i o d  o f  
s e v e r a l  m o n t h s ,  much o f  w h ich  o c c u r s  d u r i n g  t h e  open  t r a p p i n g  s e a s o n s ,  
t h e  OSR i s  p r o b a b l y  l e s s  t h a n  o n e .  One m ig h t  p r e d i c t ,  i n  a h e a v i l y  
e x p l o i t e d  p o p u l a t i o n  w here  s e x  r a t i o s  can  be  f a r  f rom  u n i t y ,  t h a t  t h e  
l e v e l  o f  s e x u a l  d im o r p h i s m  s h o u l d  be g r e a t e r  t h a n  t h a t  f o r  an  e x p l o i t e d  
p o p u l a t i o n  w h e re  t h e  OSll i s  c l o s e r  t o  u n i t y .
T r a d i t i o n a l l y ,  v a r i a t i o n s  i n  t h e  d e g r e e  o f  s e x u a l  d im o r p h i sm  h a v e  
b e e n  d i s c u s s e d  i n  t e r m s  o f  t h e  f a c t o r s  a f f e c t i n g  t h e  s i z e  o f  t h e  m a l e s .  
S e l e c t i v e  p r e s s u r e s  a f f e c t i n g  f e m a l e  s i z e ,  s u ch  a s  p r e g n a n c y ,  l a c t a t i o n ,  
o r  p a r t u r i t i o n  may t u r n  o u t  t o  be  p o w e r f u l  d e t e r m i n a n t s  o f  s e x u a l  
d i m o r p h i s m .
The l e v e l  o f  s e x u a l  d im o r p h i s m  i n  n o r t h w e s t e r n  b o b c a t  p o p u l a t i o n s  
v a r i e s  g e o g r a p h i c a l l y  ( F i g .  4 ) .  T h i s  v a r i a b i l i t y  may r e s u l t  f rom  
g e n e t i c  and  h o rm o n a l  s e x  d i f f e r e n c e s  ( S c h m i d l y ,  1 9 7 1 : 1 1 7 ) ,  o r  may be  
r e l a t e d  t o  n o n g e n e t i c  m o d i f i c a t i o n  o f  t h e  p h e n o t y p e  c a u s e d  by l o c a l  
e n v i r o n m e n t a l  c o n d i t i o n s .  D i s s i m i l a r  e c o l o g i c a l  c o n d i t i o n s  a t  t h e  l o c a l  
l e v e l  may p r o d u c e  d i f f e r e n t  s e l e c t i v e  p r e s s u r e s .  Scudo (1 9 6 9 )  s u g g e s t e d
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t h a t  s i z e  d i f f e r e n c e s  b e t w e e n  s e x e s  may s t e m  from  d i f f e r e n c e s  i n  t h e  
mean e n v i r o n m e n t a l  e x p e n d i t u r e  p e r  i n d i v i d u a l .  T h i s  means t h a t  t h e  
r a t i o  b e tw e e n  t h e  e n v i r o n m e n t a l  r e s o u r c e s  a l l o c a t e d  t o  m a le s  and  t o  
f e m a l e s ,  w h ic h  i n f l u e n c e  g e n e t i c  and  r e p r o d u c t i v e  e f f i c i e n c y ,  m ig h t  be  a  
d e t e r m i n i n g  f a c t o r  i n  t h e  l e v e l  o f  s e x u a l  d i m o r p h i s m .  E v i d e n c e  abounds  
show ing  m a l e s  t o  be  t e r r i t o r i a l  and  o c c u p y i n g  l a r g e r  home r a n g e s  t h a n  
f e m a l e s  ( B a i l e y ,  1 9 7 4 ;  B r i t t e l ,  e t  a l . ,  1 979 ;  H a l l  and  Hewsom, 1 9 7 8 ) .
The c o m p e t i t i o n  a v o i d a n c e  h y p o t h e s i s  s u g g e s t s  t h a t  s e x u a l  
d im o r p h i s m  i n  s i z e  i s  a d a p t i v e l y  s i g n i f i c a n t  b e c a u s e  i t  r e d u c e s  
c o m p e t i t i o n  b e t w e e n  m a l e s  and  f e m a l e s  o f  t h e  same s p e c i e s .  I f  s i z e  can  
a f f e c t  t h e  r a n g e  o f  f o o d  r e s o u r c e s  u t i l i z e d  ( e . g . ,  l a r g e r  b o b c a t s  e a t  
l a r g e r  f o o d  i t e m s ) ,  t h e n  t h o s e  m a l e s  d i f f e r i n g  m os t  i n  s i z e  f rom  f e m a l e s  
w ou ld  o v e r l a p  i n  r e s o u r c e  u t i l i z a t i o n  w i t h  t h e  f e w e s t  i n d i v i d u a l s  and 
would  h a v e  more r e s o u r c e s  a v a i l a b l e .
R o se n z w e ig  ( 1 9 6 8 )  d e m o n s t r a t e d  AE t o  b e  a  good p r e d i c t o r  o f  t h e  n e t  
p r i m a r y  p r o d u c t i v i t y  o f  an  a r e a .  C o a s t a l  s am p le  l o c a l i t i e s  had  an 
a v e r a g e  AE v a l u e  a l m o s t  t w i c e  t h a t  o f  t h e  i n t e r i o r  l o c a l i t i e s .  The more 
d i v e r s e ,  a n d ,  h e n c e  p r o d u c t i v e ,  c o a s t a l / m o u n t a i n o u s  h a b i t a t s  c o n t a i n  a 
g r e a t e r  d i s t r i b u t i o n  o f  a v a i l a b l e  p r e y  s i z e s  t h a n  t h e  more a r i d  p l a i n s  
( B a i l e y ,  1 9 7 9 ) .  I n  t h e  c o a s t a l  a r e a  o f  W a s h i n g t o n ,  Sweeney (1 9 7 8 )  fo und  
t h a t  m a le  b o b c a t s  consumed a  s i g n i f i c a n t l y  h i g h e r  p r o p o r t i o n  o f  v e r y  
l a r g e  p r e y  i t e m s  ( d e e r ) ,  w h i l e  f e m a l e s  consumed a s i g n i f i c a n t l y  l e s s  
t h a n  e x p e c t e d  p r o p o r t i o n  o f  v e r y  s m a l l  p r e y  i t e m s  ( m i c e ,  s h r e w s ,  b i r d s ) .
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B oth  s e x e s  u s e d  a l m o s t  e x a c t l y  t h e  e x p e c t e d  num bers  o f  t h e i r  most  
i m p o r t a n t  p r e y  i t e m s ,  t h e  l a r g e  medium p r e y  ( snow shoe  h a r e s ,  m o u n t a i n  
b e a v e r )  and  s m a l l - m e d iu m  p r e y  ( s q u i r r e l s ) ;  m e d i u m - s i z e d  p r e y  were  
c o n s i d e r e d  t h e  m o s t  i m p o r t a n t  com ponent  o f  b o b c a t  d i e t s  f o r  t h i s  a r e a .  
T h u s ,  i t  seems t h a t  s e x u a l  d im o r p h i s m  i n  b o b c a t s  o f  t h e  c o a s t a l  and  
C a s c a d e  f o r e s t  h a b i t a t  may be  an  a d a p t a t i o n  w h ich  e n a b l e s  t h e  s e x e s  t o  
e x p l o i t  d i f f e r e n t  f e e d i n g  n i c h e s ,  t h e r e b y  r e d u c i n g  i n t e r s e x u a l  
c o m p e t i t i o n .  The r e d u c t i o n  o f  i n t e r s e x u a l  c o m p e t i t i o n  ha s  been  
d e m o n s t r a t e d  i n  some b i r d  s p e c i e s  ( S e l a n d e r ,  1 9 6 6 ,1 9 7 2 )  and A n o l i s  
l i z a r d s  ( S c h o e n e r ,  1 9 6 7 , 1 9 6 8 ) .  T h e s e  w o r k e r s  h a v e  a l s o  shown t h a t  t h e  
s t r o n g e s t  s e x u a l  d im o r p h i s m s  o c c u r  i n  c h a r a c t e r s  c l o s e l y  a s s o c i a t e d  t o  
t h e  f e e d i n g  a p p a r a t u s  ( b e a k s  and  j a w s ,  r e s p e c t i v e l y )  o f  t h e s e  a n i m a l s ,  
w h ich  i s  a l s o  t r u e  f o r  c o a s t a l  b o b c a t s  ( T a b l e  1 1 ) .
I n  s o u t h w e s t  I d a h o ,  B a i l e y  ( 1 9 7 9 )  com pared  t h e  f o o d  h a b i t s  o f  
b o b c a t s  a s s o c i a t e d  w i t h  m o u n t a i n o u s  t e r r a i n  and  b o b c a t s  f ro m  t h e  
s a g e b r u s h  p l a i n s ,  t h e  p r e d o m i n a n t  h a b i t a t  t y p e  f o r  m os t  o f  t h e  r a n g e  o f  
F .  r . p a l l e s c e n s . I n  t h e  o p e n  a r i d  p l a i n s  o f  t h e  Snake  R i v e r ,  b o b c a t s  
a p p e a r e d  t o  f e e d  more  f r e q u e n t l y  on  b i r d s  and  f e d  on  r o d e n t s  and b i g  
game l e s s  f r e q u e n t l y  t h a n  b o b c a t s  f r o m  m o u n t a i n o u s ,  more  p r o d u c t i v e ,  
h a b i t a t s .  T h i s  i n d i c a t e d  a  n a r r o w e r  r a n g e  o f  p r e y  s i z e s  i n  t h e  d i e t  o f  
t h e  p l a i n s  b o b c a t s  and  p r o b a b l y  a c c o u n t s  f o r  l e s s e r  o v e r a l l  l e v e l s  o f  
s e x u a l  d im o r p h i s m  i n  i n t e r i o r  l o c a l i t i e s .
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I f  c o m p e t i t i o n  a v o i d a n c e  c o n t r i b u t e s  t o  s e x u a l  d im o r p h i s m ,  one  
s h o u l d  e x p e c t  g r e a t e r  d i m o r p h i s m  i n  t h e  t r o p h i c  a p p a r a t u s  ( S e l a n d e r ,  
1 9 7 2 ) .  C om par ing  s e x u a l  d im o r p h i s m  i n  t h e  most i m p o r t a n t  f e e d i n g  
c h a r a c t e r s  w i t h  t h a t  i n  i n  t h e  n o n t r o p h i c  c h a r a c t e r s  ( T a b l e s  10 ,  11)  
i n d i c a t e s  t h a t  c o a s t a l  b o b c a t s  a r e  d i m o r p h i c  t o  a g r e a t e r  d e g r e e  t h a n  
i n t e r i o r  b o b c a t s  w i t h  r e s p e c t  t o  t r o p h i c  d i m e n s i o n s  t h a n  n o n t r o p h i c  s i z e  
c h a r a c t e r s .
The a v a i l a b l e  d a t a  on  b o b c a t  f o o d  h a b i t s  and  body s i z e  a r e  
i n s u f f i c i e n t  t o  t e s t  d i r e c t l y  t h e  h y p o t h e s i s  t h a t  s e x u a l  d im o rp h ism  
e n a b l e s  i n t e r s e x u a l  c o m p e t i t i o n  f o r  f o o d  t o  be  a v o i d e d .  I n d e e d ,  i t  
w ould  be d i f f i c u l t  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o r  a b s e n c e  o f  
c o m p e t i t i o n ,  d u e ,  p a r t l y  t o  i t s  dynam ic  n a t u r e  and  p a r t l y  b e c a u s e  i t  i s  
a l w a y s  b e n e f i c i a l  t o  e v a d e  c o m p e t i t i o n  ( P i a n k a ,  1 9 7 6 ) .  Dimorphism i s  
n o t  n e c e s s a r y  t o  a c c o m p l i s h  c o m p e t i t i o n  a v o i d a n c e  ( s e e  H e s p e n h e i d e ,  
1 9 7 5 ) .
D im o rp h ic  p r o p e r t i e s  o f  b o b c a t s  c a n  b e s t  be  e x p l a i n e d  by t h e  
p r o p o s i t i o n  t h a t  t h e  p o l y g y n o u s  m a t i n g  s y s t e m ,  and  l a c k  o f  m a le  p a r e n t a l  
c a r e ,  and  i n t r a s e x u a l  s e l e c t i o n  w i l l  r e s u l t  i n  m o r p h o l o g i c a l  a d a p t a t i o n s  
t h a t  i n c r e a s e  f i t n e s s :  i n c r e a s e d  a b i l i t y  t o  f i g h t  f o r  m a t e s ,  i n c r e a s e d
m o b i l i t y ,  and  m ore  a g g r e s s i v e  c o m p e t i t i o n  f o r  t e r r i t o r i e s .  S m a l l  
f e m a l e s  a r e  p r o b a b l y  f a v o r e d  b e c a u s e  t h e y  r e q u i r e  l e s s  e n e r g y  f o r  d a i l y  
m a i n t e n a n c e  and  can  c h a n n e l  m ore  e n e r g y  i n t o  r e p r o d u c t i o n  ( f e t a l  
n o u r i s h m e n t ,  l a c t a t i o n )  t h a n  l a r g e r  f e m a l e s .
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R e s e a r c h  i s  n e e d e d  t o  compare  l e v e l s  o f  s e x u a l  d im o r p h i sm  i n  h u n t e d  
v s .  no n —h u n t e d  p o p u l a t i o n s .  B ec a u se  s e x u a l  d im o r p h i s m  a p p e a r s  t o  v a r y  
g e o g r a p h i c a l l y ,  r e s e a r c h  e f f o r t s  t o  exam ine  g e o g r a p h i c  d i f f e r e n c e s  i n  
d i e t s  b e t w e e n  s e x e s  o f  b o b c a t s  i s  i m p o r t a n t .  A b e t t e r  u n d e r s t a n d i n g  o f  
t h e  r e l a t i o n s h i p s  o f  d i e t ,  r e p r o d u c t i v e  s t r a t e g y ,  and  s e x u a l  d im o r p h i sm  
c o u l d  l e a d  t o  new i n s i g h t s  i n t o  t h e  b e h a v i o r  and  e c o l o g y  o f  b o b c a t s .
G e o g r a p h i c  V a r i a t i o n
Of t h e  35 c h a r a c t e r s  u s e d  i n  t h i s  s t u d y ,  s i g n i f i c a n t  i n t e r l o c a l i t y  
v a r i a t i o n  was  f o u n d  i n  25 o f  m a l e s  and  26 i n  f e m a l e s .  Twenty o f  t h e s e  
c h a r a c t e r s  a r e  conmion t o  b o t h  s e x e s ,  s u g g e s t i n g  o n l y  m in o r  s e x u a l  
d i f f e r e n c e s  i n  t h e  p a t t e r n  o f  g e o g r a p h i c  v a r i a t i o n .
The u n i v a r i a t e  SS-STP a n a l y s e s  d i d  n o t  o f f e r  d e f i n i t i v e  
d e s c r i p t i o n s  o f  m o r p h o m e t r i c  t r e n d s  o f  i n d i v i d u a l  c h a r a c t e r s .  The 
p r o c e d u r e  y i e l d e d  o v e r l a p p i n g  homogenous  s u b s e t s  o f  l o c a l i t i e s  r a t h e r  
t h a n  a  s i m p l e  d e s c r i p t i o n  o f  m u t u a l l y  e x c l u s i v e  g r o u p s  o f  l o c a l i t i e s .  
A l t h o u g h  t h e s e  r e s u l t s  do n o t  f o l l o w  t h e  common t r e n d  o f  i d e n t i f y i n g  
a l l o p a t r i c ,  named p o p u l a t i o n s ,  i t  p r o b a b l y  d e p i c t s  t h e  t r u e  
r e l a t i o n s h i p s  among l o c a l i t i e s  i n  n a t u r e .  R e s u l t s  do i n d i c a t e  a 
t e n d e n c y  f o r  b o b c a t s  f ro m  s o u t h e r n  I d a h o  and  t h e  W a s h in g to n  c o a s t  t o  be 
o f  l a r g e r  s i z e ,  d e m o n s t r a t e s  t h e  e f f e c t s  o f  r i v e r i n e  b a r r i e r s  on  l e v e l s  
o f  c h a r a c t e r  d i f f e r e n t i a t i o n ,  and  p o i n t s  o u t  s e x u a l  d i f f e r e n c e s  i n  
p a t t e r n s  o f  d i f f e r e n t i a t i o n .  T h o r p e  ( 1 9 7 6 )  a r g u e d  t h a t  t h e  l a c k  o f  
a g r e e m e n t  i n  c h a r a c t e r  v a r i a t i o n  m i g h t  be  i n t r i n s i c  t o  t h e  n a t u r e  o f
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m u l t i p l e  c o m p a r i s o n s  p r o c e d u r e s ;  S n e a t h  and  S o k a l  ( 1 9 7 3 : 3 7 8 )  o f f e r  an 
o p p o s i n g  v i e w .
The r e g i o n  o f  g r e a t e s t  p h e n e t i c  d i v e r g e n c e  i s  l o c a t e d  w e s t  o f  t h e  
C a s c a d e  c r e s t  i n  W a s h in g to n  and  O r e g o n ,  p a r t i c u l a r l y  a t  t h e  Columbia  
R i v e r .  I n  a l l  o f  t h e  s t a t i s t i c a l  a n a l y s e s ,  s p e c im e n s  f ro m  t h e  n o r t h  
s i d e  o f  t h e  r i v e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t  i n  s i z e  and s h ap e  t h a n  
t h o s e  i n d i v i d u a l s  s o u t h  o f  t h e  r i v e r .  The Oregon s p e c i m e n s ,  e s p e c i a l l y  
t h e  s o u t h e r n  l o c a l i t i e s  t e n d  t o  show some e v i d e n c e  o f  g r e a t e r  
i n t e r g r a d a t i o n  w i t h  e a s t e r n  O regon  p a l l e s c e n s . The Oregon C a s c a d e s  a r e  
n o t  a s  f o r m i d a b l e  a  b a r r i e r  a s  i s  t r u e  i n  W a s h i n g t o n .  The Columbia  
R i v e r  f l o w s  n o r t h  t h r o u g h  c e n t r a l  W a s h in g to n  and  p r o b a b l y  a c t s  a s  a  
s e c o n d  b a r r i e r  i n  t h a t  r e g i o n  i n  c o n c e r t  w i t h  t h e  C ascad e  D i v i d e .  A 
more d e t a i l e d  e x a m i n a t i o n  o f  t h i s  g e o g r a p h i c a l  a r e a  t h a n  t h e  p r e s e n t  
s t u d y  i s  n e c e s s a r y  b e f o r e  one  c o u l d  s u g g e s t  any t a x o n o m ic  c h a n g e s .
C h a r a c t e r  U t i l i t y
The s u c c e s s  o f  t h i s  s t u d y  i n  c h a r a c t e r i z i n g  and  d i s c r i m i n a t i n g  
b e tw e e n  b o b c a t  p o p u l a t i o n s  h a s  r e s u l t e d  i n  p a r t  f ro m  t h e  l a r g e  number o f  
c h a r a c t e r s  u s e d  t o  d e s c r i b e  s p e c i m e n s .  S i n c e  r e l a t i v e l y  s m a l l e r  
c h a r a c t e r  s e t s  h a d  b e e n  u s e d  p r e v i o u s l y  i n  m o r p h o l o g i c a l  s t u d i e s  
i n v o l v i n g  F e l i s  s p e c i e s  (S am so n ,  1 9 7 9 ) ,  t h e  " b e s t "  c o m b i n a t i o n  o f  
c h a r a c t e r s  c o u l d  n o t  be  known,  I  c h o s e  a  l a r g e  s e t  o f  c h a r a c t e r s  w h i c h ,  
i t  was  t h o u g h t ,  w ou ld  a d e q u a t e l y  r e p r e s e n t  t h e  s h a p e  o f  t h e  s k u l l s .  As 
e x p e c t e d ,  t h i s  s e t  o f  c h a r a c t e r s  c o n t a i n e d  a l a r g e  amount o f  r e d u n d a n t
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i n f o r m a t i o n .  I n  a d d i t i o n ,  a l a r g e  amount o f  t i m e  was s p e n t  c o l l e c t i n g  
s u f f i c i e n t  d a t a  f o r  t h e  a n a l y s e s .  T h u s ,  i t  became an i m p o r t a n t  
o b j e c t i v e  o f  t h i s  s t u d y  t o  d e v e l o p  and  a p p l y  a  s e t  o f  c r i t e r i a  by w h ich  
t h e  c h a r a c t e r  s e t  c o u l d  be  r e d u c e d  t o  t h e  s m a l l e s t  number o f  c h a r a c t e r s  
y i e l d i n g  t h e  l a r g e s t  amount o f  i n f o r m a t i o n .  The c h a r a c t e r  s e t  m us t  be 
o f  a s i z e  s u c h  t h a t  t h e  p r e s e n c e  o f  many h i g h l y  i n t e r c o r r e l a t e d  
c h a r a c t e r s ,  w h ic h  add  l i t t l e  t o  t h e  a n a l y t i c a l  v a l u e  o f  t h e  d a t a ,  does  
n o t  c o n f o u n d  t h e  i s s u e .  C o n v e r s e l y ,  i t  s h o u l d  be  o f  s u f f i c i e n t  s i z e  so 
t h a t  a d e q u a t e  d e s c r i p t i o n  and  d i s c r i m i n a t i o n  i s  p o s s i b l e .
T h e r e  a r e  s e v e r a l  r e a s o n s  why a  c h a r a c t e r  s h o u l d  n o t  be i n c l u d e d  i n  
a  p h e n e t i c  s t u d y .  The c h a r a c t e r  1) may c o n t a i n  r e d u n d a n t  i n f o r m a t i o n  
when com pared  t o  o t h e r  c h a r a c t e r s ;  2 ) may n o t  be  an  e f f e c t i v e  
d i s c r i m i n a t o r  b e tw e e n  t a x o n o m ic  u n i t s ;  3 )  may be  s u b j e c t  t o  l a r g e  
m e a s u re m e n t  e r r o r s  o r  4 )  may r e q u i r e  e x c e s s i v e  t i m e  t o  m e a s u re  when 
com pared  t o  t h e  amount o f  i n f o r m a t i o n  g a i n e d .  The l e v e l  o f  r e d u n d a n t  
i n f o r m a t i o n  a s s o c i a t e d  w i t h  e a c h  c h a r a c t e r  was i n d i r e c t l y  e v a l u a t e d  by 
t h e  d i s c r i m i n a n t  a n a l y s e s  p r o c e d u r e s  b u t  was g a u g e d  i n d e p e n d e n t l y  by 
e x a m i n i n g  i n t r a g r o u p  c h a r a c t e r  c o r r e l a t i o n s  ( T a b l e  2 7 ) .  The l e v e l  o f  
a c c u r a c y  a t  w h ich  c h a r a c t e r s  c o u l d  be  m e a s u r e d  was e s t i m a t e d  f rom  t h e  
c o e f f i c i e n t s  o f  v a r i a t i o n  o f  m e a s u re m e n t  ( T a b l e  2 5 ) .  I  d id  n o t  r e c o r d  
t i m e  r e q u i r e d  t o  m e a s u r e  and  r e c o r d  a c h a r a c t e r ,  b u t  i n  g e n e r a l  l e s s  
t i m e  was n e e d e d  t o  m e a s u r e  t h e  l a r g e r  c h a r a c t e r s .
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The r e d u c e d  c h a r a c t e r  s e t  ( T a b l e  28) was d e r i v e d  f rom  t h e s e  
c r i t e r i a  a n d  s h o u l d  be u s e f u l  i n  f u t u r e  m o r p h o m e t r i c / t a x o n o m i c  s t u d i e s  
o f  b o b c a t s .  T h e o r e t i c a l l y ,  many o f  t h e  c h a r a c t e r s  c o n s i d e r e d  n o t  u s e f u l  
i n  t h e  p r e s e n t  s t u d y  may a c t u a l l y  be  i m p o r t a n t  d i s c r i m i n a t o r y  c h a r a c t e r s  
f o r  o t h e r  b o b c a t  s t u d i e s .  I n  p r a c t i c e ,  t h e  u se  o f  a  s m a l l e r  c h a r a c t e r  
s e t  t o  d e s c r i b e  a  l a r g e r  s am p le  s i z e  s h o u l d  be  s u p e r i o r  t o  d e s c r i b i n g  a 
few s a m p l e s  w i t h  a c h a r a c t e r  s e t  o f  t h e  s i z e  u s e d  i n  t h i s  s t u d y .
Management A s p e c t s
Museum b i o l o g y  and  w i l d l i f e  management seem t o  be t o o  f a r  
s e p a r a t e d .  T h i s  s e p a r a t i o n  h a s  b eg u n  t o  n a r r o w  i n  t h e  p a s t  10 y e a r s .  
E n d a n g e r e d  and  t h r e a t e n e d  s p e c i e s  l e g i s l a t i o n  and  r e g u l a t i o n s  t o  p r o t e c t  
s p e c i e s  t h r e a t e n e d  by d r a s t i c  p o p u l a t i o n  d e c l i n e s  h a v e  f o r c e d  t h e  two 
f i e l d s  o f  s t u d y  t o  d e v e l o p  more  c o n t a c t .  For  e x a m p l e .  Read (1 9 8 1 )  
p o i n t e d  o u t  t h a t  a  t h o r o u g h  d e s c r i p t i o n  and  a s s e s s m e n t  o f  l o c a l  b o b c a t  
s u b s p e c i e s  had  i m p o r t a n t  management  and  l e g a l  i m p l i c a t i o n s .  I n  l a t e  
1 9 7 9 ,  a  l a w s u i t  a t t e m p t i n g  t o  b a n  e x p o r t a t i o n  o f  a l l  b o b c a t  p e l t s  was 
f i n a l l y  h e a r d  and  d i s m i s s e d  e x c e p t  f o r  T e x a s  and  e i g h t  o t h e r  s t a t e s .
The c o u r t  r u l e d  t h a t  h a r v e s t  o f  b o b c a t  p e l t s  f rom  New Mexico and  t h e  
High P l a i n s  o f  w e s t e r n  T e x a s ,  b a s e d  on  t h e  a v a i l a b l e  d a t a ,  c o u l d  
t h r e a t e n  t h e  e x i s t e n c e  o f  t h e  s u b s p e c i e s  r_j_ b a i l e y i  i n  t h e  e a s t e r n  
p o r t i o n  o f  i t s  r a n g e .  R e a d ' s  ( 1 9 8 1 )  m o r p h o m e t r i c  s t u d y  showed t h a t  
b a i l e y i  o c c u r r e d  o n l y  w e s t  o f  t h e  C o n t i n e n t a l  D i v i d e  i n  New Mexico and  
A r i z o n a  and  n o t  i n  T e x a s ,  a s  t h e  p l a i n t i f f s  h a d  c l a i m e d .  T h i s
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T a b l e  2 8 . — Reduced  s e t  o f  19 c h a r a c t e r s  s u g g e s t e d  f o r  f u t u r e  
r e s e a r c h .
Acronym C h a r a c t e r
CBL C o n d y l o b a s a l  l e n g t h
PPL P o s t p a l a t a l  l e n g t h
ZB Z y g o m a t ic  b r e a d t h
MTR M a x i l l a r y  t o o t h  row l e n g t h
RBP R o s t r a l  b r e a d t h  a t  p r e m o l a r
CH C o r o n o i d  h e i g h t
DJ D e p th  o f  j a w
MRL M o la r  row l e n g t h
DL D i a s t e m a  l e n g t h
LJ Jaw l e n g t h
UCW U pper  c a n i n e  w i d t h
UCL U p p e r  c a n i n e  l e n g t h
UP4W U p p er  c a r n a s s i a l  w i d t h
UP4L U ppe r  c a r n a s s i a l  l e n g t h
LMW Lower c a r n a s s i a l  w i d t h
lOB I n t e r o r b i t a l  b r e a d t h
NL N a s a l  l e n g t h
LML Lower c a r n a s s i a l  l e n g t h
UP3W T h i r d  u p p e r  p r e m o l a r  w i d t h
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i n f o r m a t i o n , when com bined  w i t h  d a t a  d e s c r i b i n g  h a r v e s t  l e v e l s  and 
p o p u l a t i o n  d y n a m i c s ,  s u g g e s t e d  t h a t  t h e  e x p o r t  ban  on  Texas  b o b c a t  p e l t s  
was u n r e a s o n a b l e  and  u n n e c e s s a r y .
Q u e s t i o n s  o f  t h i s  n a t u r e  w i l l  l i k e l y  a p p e a r  more  f r e q u e n t l y  i n  t h e  
f u t u r e .  I t  i s  i m p o r t a n t ,  t h e r e f o r e ,  t o  b e  a b l e  t o  d e s c r i b e  
r e l a t i o n s h i p s  o f  h e a v i l y - e x p l o i t e d  p o p u l a t i o n s  w i t h  o t h e r  p o p u l a t i o n s  
u n d e r  l e s s  p r e s s u r e .  The d e g r e e  o f  r e l a t i o n s h i p  can  i n d i c a t e  i n d i v i d u a l  
and  g e n e t i c  e x c h a n g e  b e tw e e n  p o p u l a t i o n s .  J o h n s o n  and S t e w a r t  (1 9 7 3 )  
s t u d i e d  m i g r a n t  p o p u l a t i o n s  o f  s a n d h i l l  c r a n e s  ( Grus c a n a d e n s i s ) i n  t h e  
n o r t h e r n  p l a i n s  s t a t e s .  T h i s  was a n  a t t e m p t  t o  d e t e r m i n e  r a c i a l  
c o m p o s i t i o n  o f  p o p u l a t i o n s  and t h e i r  g e o g r a p h i c  l i m i t s  so t h a t  p r o p e r  
h u n t i n g  and  p r o t e c t i v e  r e g u l a t i o n s  c o u l d  be  d e v i s e d .
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SUBSPECIES SYNOPSES
B ased  on  an  a s s e s s m e n t  o f  m o r p h o l o g i c a l  v a r i a t i o n  i n  F e l i s  r u f u s  i n  
n o r t h w e s t e r n  A m e r ic a  and  s o u t h w e s t e r n  C anada ,  two d i s t i n c t  s u b s p e c i e s  
may be  i d e n t i f i e d .
F e l i s  r u f u s  f a s c i a t u s  ( R a f i n e s q u e )
1 8 1 7 .  Lynx f a s c i a t u s  R a f i n e s q u e .  Amer. Month ly  M ag . ,  2 : 4 6 .
1 9 0 1 .  I Lynx r u f a j f a s c i a t a  E l l i o t ,  F i e l d  Columb. Mus. P u b l .  4 5 ,
Z o o l .  S e r . ,  2 : 2 9 7 .
1 9 0 5 .  F e l i s  r u f a  f a s c i a t a  E l l i o t ,  F i e l d  Columb.  H us .  P u b l .  105 ,
Z o o l . S e r . ,  6 : 3 7 1 .
1 9 2 4 .  Lynx r u f f u s  f a s c i a t u s  G r i n e l l  and D ixon ,
U n i v .  C a l i f .  P u b l .  Z o o l . , 2 1 : 3 4 8 .
1 9 2 4 .  Lynx f a s c i a t u s  f a s c i a t u s  M i l 1 e r .  U. S .  Mat.  Mus. B u l l . ,  1 2 8 : 1 6 0 .
1 9 3 6 .  Lynx r u f u s  f a s c i a t u s  B a i l e y ,  H. Amer.  F a u n a ,  5 5 : 2 6 9 .
I l o l o t y p e . — Hear th e  mouth o f  th e  Columbia R iver  on Ketul R iv e r  
(now Lewis  and C lark  R i v e r )  near  A s t o r i a ,  Oregon.
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D i s t r i b u t  i o n . — B r i t i s h  Columbia  i n  s o u t h w e s t  p o r t i o n  o f  C o a s t a l  
R a n g e ;  W a s h in g to n  and  O re g o n ,  w e s tw a rd  f rom  t h e  C ascade  
M o u n t a i n s ;  n o r t h w e s t e r n  c o a s t a l  C a l i f o r n i a .  M ain ly  fo u n d  i n  humid and  
h e a v i l y  f o r e s t e d  a r e a s .
P i - S b i n c t i o n . — A d a r k  c o l o r e d  ( d a r k ,  r i c h  tawny o r  c h e s t n u t  b rown) 
s u b s p e c i e s  d i s t i n g u i s h e d  by a  r e l a t i v e l y  s h o r t  and  w ide  m u z z le  and  heavy  
r o b u s t  d e n t i t i o n .
R e m a r k s . — F e l i s  r u f u s  f a s c i a t u s  s p e c im e n s  from w e s t e r n  W ash in g to n  
a r e  g e n e r a l l y  l a r g e r  t h a n  f a s c i a t u s  f rom  O re g o n .  P r e l i m i n a r y  e v i d e n c e  
f ro m  t h i s  s t u d y  i n d i c a t e s  a m a j o r  m o r p h o l o g i c a l  b r e a k  i n  t h e  r a n g e  o f  
f a s c i a t u s  o c c u r r i n g  a t  t h e  Columbia  R i v e r ,  and  t h a t  s p e c im e n s  f rom  
s o u t h e r n  O regon  t e n d  t o  be more s i m i l a r  t o  F_̂  ^  p a l l e s c e n s .
M e a s u r e m e n t s . — The f o l l o w i n g  a r e  mean v a l u e s  ( i n  mm) f o r  s e v e r a l  
m e a s u r e m e n t s  f rom  t h e  p r e s e n t  s t u d y  f o r  9 m a le s  and 17 f e m a l e s  o f  
F . r . f a s c i a t u s  f ro m  t h e  Olympic  P e n i n s u l a ,  W a s h i n g t o n .  T hese  b o b c a t s  
c o m p r i s e  sam p le  l o c a l i t y  0P03 and  a r e  r e p r e s e n t a t i v e  o f  t h i s  s u b s p e c i e s .  
Mean v a l u e s  f o r  f e m a l e s  a r e  i n  p a r e n t h e s e s  and  f o l l o w  t h o s e  o f  m a l e s .
C o n d y l o b a s a l  l e n g t h  1 1 7 .8 3  ( 1 1 2 . 5 3 ) ,  z y g o m a t ic  b r e a d t h  9 2 . 7 4  
( 8 8 . 3 0 ) ,  p o s t o r b i t a l  b r e a d t h  3 9 . 7 0  ( 4 0 . 7 7 ) ,  i n t e r o r b i t a l  b r e a d t h  2 6 .8 0  
( 2 5 . 7 5 ) ,  r o s t r a l  b r e a d t h  a t  t h e  c a n i n e  3 4 . 5 2  ( 3 3 . 4 4 ) ,  c o r o n o i d  h e i g h t  
3 8 . 6 3  ( 3 6 . 3 7 ) ,  m o l a r  row l e n g t h  2 9 . 0 0  ( 2 7 . 5 1 ) ,  jaw l e n g t h  8 4 .0 1  ( 7 9 . 5 8 ) ,  
u p p e r  c a n i n e  w i d t h  6 . 0 7  ( 5 . 5 6 ) ,  u p p e r  f o u r t h  p r e m o l a r  l e n g t h  1 4 .7 3
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( 1 4 . 1 1 ) ,  l o w e r  m o l a r  w i d t h  5 .4 1  ( 5 . 1 8 ) .
F e l i s  r u f u s  p a l l e s c e n s  (M err ian i)
1 8 9 9 .  Lynx f a s c i a t u s  p a l l e s c e n s  H e r r i a m ,  U. Amer.  F a u n a ,  1 6 : 1 0 4 .
1 9 0 1 .  [ Lynx r u f a ] p a l l e s c e n s  E l l i o t ,  F i e l d  Columb. Mus. P u b l .  4 5 ,
Z o o l .  S e r . ,  2 : 2 9 7 .
1 9 0 2 ,  Lynx u i n t a  M e r r i a m .  P r o c .  B i o l ,  S o c .  W a s h i n g t o n ,  1 5 : 7 1 .  Type 
f r o m  B r i d g e r  P a s s ,  Carbon  C o u n ty ,  Wyoming. ( r e g a r d e d  by G r i n n e l l  and  
D ixon  ( 1 9 2 4 : 3 5 0 )  a s  i n s e p a r a b l e  f rom  p a l l e s c e n s ) .
1 9 0 5 .  F e l i s  r u f a  p a l l e s c e n s  E l l i o t ,  F i e l d  Columb.  Hus .  P u b l .  105 ,
Z o o l .  S e r . ,  6 : 3 7 1 .
1 9 3 6 .  Lynx r u f u s  u i n t a  B a i l e y .  N. A u e r .  F a u n a ,  5 5 : 2 6 7 .
1 9 3 6 .  Lynx r u f u s  p a l l e s c e n s  B a i l e y ,  K. Amer.  F a u n a ,  5 5 : 2 6 8 .
l l o l o t y p e . — O b t a i n e d  a t  T r o u t  L a k e ,  K l i c k i t a t  C o u n ty ,  W ash in g to n  
by D. K a e g i ,  U. S .  11. H. No. 7 0 5 3 6 .
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D i s t r i b u t  i o n . — Found i n  c e n t r a l  and  e a s t e r n  B r i t i s h  Columbia  and 
i n  t h e  s o u t h e r n  p o r t i o n s  o f  A l b e r t a  and  S a s k a t c h e w a n .  From t h e  C asc ad e  
M o u n t a i n s  o f  W a s h in g to n  e a s t w a r d  i n c l u d i n g  I d a h o ,  M ontana ,  t h e  w e s t e r n  
p o r t i o n s  o f  Worth and  S o u th  D a k o ta  and N e b r a s k a ,  n o r t h w e s t e r n  C o l o r a d o ,  
t h e  n o r t h e r n  h a l v e s  o f  U tah  and  N evada ,  n o r t h e a s t e r n  C a l i f o r n i a ,  and  
e a s t e r n  O re g o n .
D i s t  i n c t i o n . — C o l o r s  a r e  p a l e r ,  more g r a y i s h  and l e s s  r e d d i s h  
t h a n  f a s c i a t u s . P e r h a p s  t h e  l a r g e s t  o f  a l l  b o b c a t  s u b s p e c i e s .  S k u l l  i s  
r e l a t i v e l y  l o n g e r ,  n a r r o w e r ,  and  h i g h e r  w i t h  a n a r r o w e r  r o s t r u m  t h a n  
f a s c i a t u s .
R e m a r k s . — F_̂  r_̂ _ p a l l e s c e n s  s p e c im e n s  f rom  t h e  s o u t h e r n  h a l f  o f  
I d a h o  a r e  g e n e r a l l y  t h e  l a r g e s t  w i t h i n  t h e  n o r t h w e s t  r e g i o n  o f  t h e  
s u b s p e c i e s  r a n g e .  S p e c im e n s  t e n d  t o  be r e l a t i v e l y  s m a l l  f rom  e a s t e r n  
M o n ta n a ,  w h i l e  s o u t h w e s t e r n  Montana  s p e c im e n s  seem t o  show an a f f i n i t y  
t o  s o u t h e r n  I d a h o .
M e a s u r e m e n t s . — The f o l l o w i n g  a r e  mean v a l u e s  ( i n  mm) f o r  s e v e r a l  
m e a s u r e m e n t s  f ro m  t h e  p r e s e n t  s t u d y  f o r  14 m a l e s  and  11 f e m a l e s  o f  
F . r . p a l l e s c e n s  f rom  C a s s i a  C o u n ty ,  I d a h o .  T hese  b o b c a t s  c o m p r i s e  
s am p le  l o c a l i t y  OKI? and  a r e  r e p r e s e n t a t i v e  o f  t h i s  s u b s p e c i e s .  Mean 
v a l u e s  f o r  f e m a l e s  a r e  i n  p a r e n t h e s e s  and  f o l l o w  t h o s e  o f  m a l e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
137
C o n d y l o b a s a l  l e n g t h  1 1 9 .5 3  ( 1 1 5 . 4 3 ) ,  z y g o m a t i c  b r e a d t h  9 1 .3 6  
( 8 8 . 2 8 ) ,  p o s t o r b i t a l  b r e a d t h  3 8 .9 7  ( 3 9 . 5 7 ) ,  i n t e r o r b i t a l  b r e a d t h  2 6 .2 2  
( 2 5 . 1 0 ) ,  r o s t r a l  b r e a d t h  a t  t h e  c a n i n e  3 2 .6 6  ( 3 2 . 1 1 ) ,  c o r o n o i d  h e i g h t  
3 8 . 2 6  ( 3 7 . 4 0 ) ,  m o l a r  row l e n g t h  2 7 .9 2  ( 2 7 . 8 0 ) ,  jaw  l e n g t h  8 4 . 6 6  ( 8 3 . 0 2 ) ,  
u p p e r  c a n i n e  w i d t h  5 .2 7  ( 5 . 2 5 ) ,  u p p e r  f o u r t h  p r e m o l a r  l e n g t h  1 4 .6 2  
( 1 4 . 4 3 ) ,  l o w e r  m o l a r  w i d t h  5 . 0 0  ( 4 . 9 6 ) .
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